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(54) ROBOT SYSTEM, ROBOT DEVICE, AND ITS COVER 
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(57) Firstly, a authenticating pattern Is disposed on 
a cover and an authenticating means is disposed in a 
robot apparatus for authenticating the cover on the basis 
of the authenticating pattern of the fitted cover. Second- 
ary, an information holding means for holding Inherent 
information is disposed in the cover and a reading 
means for reading out the inherent information from the 
information holding means is disposed in the robot ap- 
paratus. Thirdly, a function of detecting an amount of 
influence due to the cover and changing manifesting 
patterns of motions as occasion demands on the basis 
of the detection result is disposed in the robot apparatus. 
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Description 

Technical Field 

[0001] The present invention relates to a robot system, a robot apparatus and a cover for a robot apparatus and is 
preferably applied, for example, to a pet robot. 

Background Art 

[0002] There have recently been developed and on sale quadruped-walking type pet robots which resemble dogs 
or cats which are to be kept as pets in general households. 

[0003] Such a pet robot is equipped with software such as emotion models which are modeling of real animals' 
emotions to generate emotions such as "joy" and "anger" in response to user's spurring such as "patting" and "striking" 
as well as a surrounding condition, so that the pet robot can autonomously act on the basis of the emotions. 
[0004] By the way, for a reason to find fun in individuality of such an entertainment robot, it has recently been desired 
to make an appearance of a robot freely changeable, for example, by fitting a cover such as clothes/costume on the 
robot. 

[0005] However, it is fearful that motions of the robot may be hindered or vent holes formed in a main body surface 
of the robot may be covered when the robot is clothed in a cover which is made without taking external forms and 
movements of movable members into consideration. It causes a problem that a control member cannot control ade- 
quately under such circumstances, which causes a trouble. 

[0006] In addition, even in such a pet robot with a cover which is made with taking external forms and movements 
of movable members into consideration, if control is not performed with taking a mass distribution and the like of the 
cover into consideration, the pet robot may not correctly and smoothly act, for example, it does not walk with qood 
balance. 

[0007] Furthermore, considering that a pet robot can wear a cover, not only its appearance can be changeable but 
also if it can perform different actions depending on the appearance, it is considered that such a pet robot will be 
capable of giving higher emotions of intimacy and satisfaction to users, which improve an amusement property in the 
pet robot. 1 

Disclosure of the Invention 

[0008] This invention has been achieved in view of the above points and is to propose a robot system, a robot 
apparatus and cover for the robot apparatus which can get rid of irregular covers to prevent occurrence of trouble and 
a robot system, a robot apparatus and a cover for the robot apparatus which can improve an amusement property. 
[0009] In order to solve such a problem, in a robot system comprising a robot apparatus and a cover in this invention, 
a predetermined authenticating pattern is formed on a cover and the robot apparatus is provided with an authenticating 
means for authenticating the cover on the basis of the authenticating pattern on the fitted cover. As a result, the robot 
system is capable of detecting an irregular cover when such a cover is fitted over a robot, which can realize a robot 
system capable of getting rid of irregular covers and previously preventing troubles in the robot. 
[0010] Furthermore, the present invention provides a robot apparatus equipped with an authenticating means for 
authenticating a fitted cover on the basis of a predetermined authenticating pattern formed on a cover which is detach- 
ably fitted. As a result, the robot apparatus is capable of detecting an irregular cover when such a cover is fitted, which 
can realize a robot apparatus capable of getting rid of irregular covers and previously preventing troubles in the robot 
[001 1 ] Furthermore, the present invention provides a cover for a robot apparatus with a predetermined authenticating 
pattern. As a result, a fitting robot apparatus can detect an irregular cover on the basis of the authenticating pattern 
when such a cover is fitted, which can getting rid of irregular covers and can realize a cover for a robot apparatus 
capable of previously preventing troubles in the robot. 

[0012] Further, a robot system in the present invention provides a cover with an information holding means for holding 
inherent information, and a robot apparatus with an information detecting means for detecting the inherent information 
held by the information holding means on the cover and a control means for changing motion manifesting patterns as 
occasion demands on the basis of the detected inherent information. As a result, the robot system is capable of reflecting 
the inherent information obtained from the cover on the motion manifesting patterns of the robot apparatus as occasion 
demands when the cover is fitted over the robot apparatus. Thus, the robot system can act with an individuality for 
each cover, thereby making it possible to realize a robot system which can remarkably improve an amusement property. 
[0013] Furthermore, the present invention provides a cover to be detachably fitted over a robot apparatus with an 
information holding means for holding inherent information corresponding to the cover, which allows the robot apparatus 
to change motion manifesting patterns as occasion demands on the basis of the inherent information held by the 
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information holding means when the cover is fitted over the robot apparatus. As a result, when the covers is fitted over 
the robot apparatus, the inherent information obtained from the above described cover can be reflected on the motion 
manifesting patterns of the robot apparatus as occasion demands. Thus, the robot apparatus can act with an individ- 
uality for each cover, thereby making it possible to reaiize a cover capable of remarkably improving an amusement 

5 property in a robot apparatus. 

[0014] Furthermore, the present invention provides a robot apparatus with an information detecting means for de- 
tecting inherent information corresponding to the cover from the cover when the cover is detachably fitted, and a control 
means for changing motion manifesting patterns on the basis of the detected inherent information as occasion de- 
mands. As a result, the robot apparatus can reflect the inherent information obtained from the cover on the motion 

10 manifesting patterns for the robot apparatus as occasion demands. Thus, the robot apparatus can act with an individ- 
uality for each cover, thereby making it possible to realize a robot apparatus capable of remarkably improving an 
amusement property. , 

[0015] Furthermore, the present invention provides a robot apparatus which has movable members and performs 
predetermined actions by moving the movable members, a cover to be detachably fitted over the robot apparatus, and 

is a control means which is installed in the robot apparatus for driving and controlling the movable members. The control 
means detects an amount of influence on motions due to the cover by driving the movable members when the cover 
is fitted over the robot apparatus, and the motion manifesting patterns are changed on the basis of the detection result 
as occasion demands. As a result, in the robot system, the robot apparatus can previously prevent trouble in its per- 
formances even there are covers of various shapes and structures and materials, because the motion manifesting 

20 patterns for the robot apparatus are changed by moving the movable members after the cover is fitted over the robot 
apparatus. Thus, the different kinds of covers can be fitted over the robot apparatus, thus making it possible to realize 
a robot system capable of remarkably improving an amusement property. 

[0016] Furthermore, the present invention provides the robot apparatus which has movable members and performs 
predetermined motions by moving the movable members, with a control means for detecting an amount of influence 

25 on the motions due to the cover by moving the movable members when the cover is detachably fitted and for changing 
the motion manifesting patterns on the basis of the detection result as occasion demands. As a result, the robot ap- 
paratus can previously prevent trouble in its performances even there are covers of various shapes and structures and 
materials, because the motion manifesting patterns for the robot apparatus are changed by moving the movable mem- 
bers after the cover is fitted over the robot apparatus. Thus, the different kinds of covers can be fitted over the robot 

30 apparatus, thus making it possible to realize a robot system capable of remarkably improving an amusement property. 

Brief description of the drawings 
[0017] 

35 

Fig. 1 is a perspective view showing a configuration of a robot system in a first embodiment. 

Fig. 2 is a block diagram showing an internal configuration of the pet robot in the first embodiment. 

Fig. 3 is a schematic perspective view showing configurations of a robot side concavo-convex pattern and a cover 

side concavo-convex pattern. 

40 Rg. 4 is a sectional view descriptive of fitting between the robot side concavo-convex pattern and the cover side 

concavo-convex pattern. 

Fig. 5 is a perspective view and a sectional view showing another embodiment. 
Fig. 6 is a sectional view showing another embodiment. 
Fig. 7 is a perspective view showing another embodiment. 
45 Fig. 8 is a schematic diagram showing a configuration of a pet robot system in a second embodiment. 

Fig. 9 is a schematic diagram showing a configuration of the pet robot shown in Fig. 8. 
Fig. 10 is a block diagram showing an internal configuration of the pet robot. 

Fig. 11 is a block diagram showing internal configurations of a main body side interface member and a cover side 
interface member. 

so Fig. 12 is a schematic diagram descriptive of processing by a controller in the second embodiment. 

Fig. 13 is a schematic diagram descriptive of data processing by a emotion and instinct model section. 

Fig. 14 is a schematic diagram descriptive of data processing by the emotion and instinct model section. 

Fig. 15 is a schematic diagram descriptive of data processing by the emotion and instinct model section. 

Fig. 16 is a state transition diagram of a limited automaton in an action determining mechanism section. 
55 Fig. 1 7 is a posture transition diagram in a posture transition mechanism section. 

Fig. 18 is a flow chart descriptive of a cover fitting processing procedure. 

Fig. 19 is a schematic diagram showing a configuration of a pet robot system in a third embodiment. 
Fig. 20 is a schematic diagram descriptive of a growth model in the third embodiment. 
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Fig. 21 is a schematic diagram descriptive of processing by a controller in the second embodiment. 
Fig. 22 is a schematic diagram showing a probability automaton. 

Fig. 23 is a conceptions diagram showing a first growth factor list and a first growth factor counter table. 
Fig. 24 is a conceptions diagram showing a second growth factor list and a second growth factor counter table. 
Fig. 25 is a flow chart descriptive of a growth step control processing procedure. 

Fig. 26 is a schematic diagram showing a configuration of a pet robot system according to another embodiment. 
Fig. 27 is a schematic diagram showing a configuration of a pet robot system in a fourth embodiment. 
Fig. 28 is a schematic diagram showing a configuration of pet robot shown in Fig. 27. 
Fig. 29 is a block diagram showing an internal configuration of the pet robot. 

Fig. 30 is a block diagram showing internal configurations of a main body side interface member and a cover side 
interface member. 

Fig. 31 is a table showing 22 parameters for walking-control. 
Fig. 32 is a schematic diagram showing standard walking postures. 
Fig. 33 is a schematic diagram descriptive of movements of one leg member unit. 
Fig. 34 is a schematic diagram descriptive of parameters. 

Fig. 35 is a timing chart showing phase relationship of the parameters in various kinds of walking styles. 
Fig. 36 is a schematic diagram descriptive of barycenter locations before and after fitting a cover. 
Fig. 37 is a flow chart descriptive of a calibration processing procedure in the fourth embodiment. 
Fig. 38 is a schematic diagram showing a configuration of a pet robot system in a fifth embodiment. 
Fig. 39 is a flow chart descriptive of a calibration processing procedure in the fifth embodiment. 
Fig. 40 is a schematic embodiment showing a pet robot system according to a sixth embodiment. 
Fig. 41 is a block diagram showing an internal configuration of the robot system shown in Fig. 40. 
Fig. 42 is a schematic diagram descriptive of cover information. 

Fig. 43 is a block diagram descriptive of processing by a controller in the sixth embodiment. 
Fig. 44 is a conceptional diagram showing a probability automaton. 
Fig. 45 is a table descriptive of state transition diagram. 

Fig. 46 is a table showing the relation between an angle of incline of a canopy with respect to an optical axis of a 
distance sensor and an output characteristic of the distance sensor. 

Fig. 47 is a characteristic curvilinear graph showing the relation between an angle of incline of the canopy with 
respect to an optical axis of the distance sensor and the output characteristic of the distance sensor. 
Fig. 48 is a table showing the relation between colors of the canopy and output characteristics of the distance 
sensor. 

Fig. 49 is a characteristic curvilinear graph showing the relation between the colors of the canopy and the output 
characteristics of the distance sensor. 

Best Mode for Carrying out the Invention 

[0018] Embodiments of the present invention will be described in detail with reference to the accompanying drawings. 
*o (1) First embodiment 
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(1 -1 ) Configuration of a robot system in this embodiment 

[0019] In Fig. 1 , reference numeral 1 denotes a robot system as a whole preferred as the embodiment, which com- 
prises a pet robot 2 and a cover unit 3 to be fitted over the pet robot 2. 

[0020] The pet robot 2 is formed by coupling leg member units 1 1 A through 1 1 D with front right, front left, rear right 
and rear left portions of a body member unit 10 and connecting a head member unit 12 and a tail member unit 13 to 
a front end and a rear end of the body member unit 1 0, as apparent from Fig. 1 . 

[0021 ] In this case, as shown in Fig. 2, the body member unit 1 0 contains a controller 20 which controls entire motions 
of the pet robot 2, a battery 21 which functions as a power source for the pet robot 2, a heat sensor 22, a cooling fan 
23 which is disposed so as to be placed under a vent hole 10A (Fig. 1) formed in a top surface of the body member 
unit 10 and so on. 

[0022] Further, disposed on the head member unit 1 0 at predetermined locations are a microphone 24 which is used 
as "ears" of the pet robot 2, a CCD (charge coupled device) camera 25 which Is used as "eyes," a touch sensor 26 
and a speaker 27 which is used as a "mouth" and so on. 

[0023] Furthermore, actuators 28A through 28n which have degree og freedom are disposed in joints parts of the 
leg member units 1 1 A through 1 1 D , coupled parts of the leg member units 1 1 A through 1 1 D and the body member unit 
10, a coupled part of head member unit 12 and the body member unit 10, a coupled part of the tail member unit 13 
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and the body member unit 10, and so on. 

[0024] The microphone 24 on the head member unit 12 gathers order sounds such as "walk," "lie down" or "chase 
a ball" which are given in a form of musical scales from a user with a sound commander (not shown) and sends, out . 
the audio signal S 1 thus obtained to the controller 20. Furthermore, the CCD camera 25 picks up a surrounding condition 
5 and sends out the image signal S2 thus obtained to the controller 20. 

[0025] Furthermore, the touch sensor 26 which is disposed on atop of the head member unit 12 as apparent from 
Fig. 2 detects a pressure received from the user by a physical spurring such as "patting" or "striking" and sends out 
the detection result as a pressure detection signal S3 to the controller 20. 

[0026] Furthermore, the heat sensor 22 on the body member unit 1 0 detects heat in the body member unit 1 0 and 

10 sends out a detection resurt as a heat detection signal S4 to the controller 20. 

[0027] The controller 20 judges presence or absence of an order or physical spurring from the user, surrounding 
conditions and the like on the basis of the audio signal S1 , the image signal S2, the pressure detection signal S3, the 
heat detection signal S4 and the like which are respectively given from the microphone 24, the CCD camera 25, the 
touch sensor 26, the heat sensor 22 and the like. 

15 [0028] On the basis of the judgement result and a control program which is stored preliminarily in a memory 20A, 
the controller 20 determines a next action and sends out control signals S5A through S5n to required actuators 28A 
through 28n on the basis of the determination result to drive the actuators, thereby allowing the pet robot to take actions 
such as swinging of the head member unit 12 up, down, left and right, movement of a tail 13A of the tail member unit 
1 3 and walking by driving the leg member units 1 1 A through 1 1 D. 

20 [0029] At this time, the controller 20 gives a predetermined audio signal S6 to the speaker 27 as occasion demands 
to allow it to give sounds based on the above described audio signal S6 to outside, and turns on or off or flickers LEDs 
(light emitting diode) (not shown) disposed at locations of eyes of the pet robot 2. 

[0030] Accordingly, the pet robot 2 is configured to be capable of autonomously acting dependently on presence or 
absence of an order and physical spurring from the user, and on the basis of the surrounding conditions, the control 
25 program and the like. 

[0031] On the other hand, a cover unit 3 (Fig. 1 ) is made of material having predetermined hardness such as synthetic 
resin, and has internal form and size nearly the same as a form and a size of the top portion of the body member unit 
10 of the pet robot 2. 

[0032] Furthermore, formed in a front end of the cover unit 3 is a notch 3A so as to fit a neck at with which the body 
30 member unit 1 0 and the head member unit 12 of the pet robot 2 are coupled, and formed on the top of the cover unit 
3 are a plurality of screw holes 3B so as to be placed at the same positions as a plurality of tapped holes 1 0B formed 
at predetermined locations of the body member unit 1 0 of the pet robot 2. 

[0033] Accordingly, the robot system 1 is configured to allow the cover unit 3 to be fitted over the pet robot 2 in a 
fixed condition by fitting the cover unit 3 over the body member unit 1 0 of the pet robot 2 and tightening screws 4 into 
35 the tapped holes 1 0B of the body member unit 1 0 of the pet robot 1 0 through the screw holes 3B of the cover unit 3. 
[0034] Furthermore, formed on the top of the cover unit 3 is a vent aperture 3C so as not to cover the vent hole 1 0A 
of the body member unit 10 of the pet robot 2 and formed around a lower end of the cover unit 3 are notches 3D so 
as to fit the joint portions of the leg member units 11 A through 1 1 D and of the tail 1 3A of the tail member unit 13 of the 
pet robot 2. 

40 [0035] Accordingly, the robot system 1 is configured to be capable of allowing heat which is exhausted through the 
vent hole 1 0A of the body member unit 10 of the pet robot 2 to be exhausted outside through the vent aperture 3C of 
the cover unit 3 and preventing the cover unit 3 from interfering with the leg member units 11 A through 1 1 D and the 
tail 13A when the pet robot 2 moves the leg member units 11 A through 11 D and the tail 13A. 
[0036] In addition to the configuration described above, in this robot system 1 , a concavo-convex pattern (hereinafter 

45 referred to as a robot side concavo-convex pattern) 31 having a predetermined form is formed on a base member 30 
having a predetermined height at a predetermined location of the body member unit 10 of the pet robot 2, as shown 
in Figs. 1 , 3 and 4(A). 

[0037] Furthermore, a concavo-convex pattern (hereinafter referred to as a cover side concavo-convex pattern) 32 
which has an inverted form of the concavo-convex form of the robot side concavo-convex pattern 31 and consists of 
50 a concave portion 32B and a convex portion 32A to fit with a convex portion 31 A and a concave portion 31 B respectively 
of the robot side concavo-convex pattern 31 is formed on the cover unit 3 so as to fit the robot side concavo-convex 
pattern 31 . 

[0038] . In case of this embodiment, the concavo-convex form of the cover side concavo-convex pattern 32 has been 
registered as an industrial design so that people without the license cannot utilize the concavo-convex form of the 
55 cover side concavo-convex pattern 32. 

[0039] Accordingly, the robot system 1 is configured to fit the robot side concavo-convex pattern 31 with the cover 
side concavo-convex pattern 32 as shown in Fig. 4(B) and allows the cover unit 3 to be fitted correctly over the pet 
robot 2 at a stage to fit the cover unit 3 over the pet robot 2 when the cover unit 3 is a regular cover unit, and on the 
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contrary, when the cover unit 3 is an irregular cover unit, the robot side concavo-convex pattern 31 is not fit with the 
cover side concavo-convex pattern 32, unlike Fig. 4(B) and as a result, the cover unit 3 can not correctly be fitted over 
the pet robot 2. 

[0040] In case of this embodiment, the robot side concavo-convex pattern 31 is disposed at both sides of the vent 
hole 10A of the body member unit 10 of the pet robot 2 as shown in Fig. 1 . In the body member unit 10 of the pet robot 
2, the above described tapped holes 10B are formed in the vicinities of the robot side concavo-convex pattern 31 as 
pairs consisting of two tapped holes each laterally sandwiching the corresponding robot side concavo-convex pattern 
31 as shown in Rg. 4(A). ~ 

[0041 ] Furthermore, the screws 4 which are used to fix the cover unit 3 to the pet robot 2 are selected so that a length 
L of a portion which is to be screwed into the body member unit 1 0 of the pet robot 2 is shorter than a sum of a height 
H1 of the convex portion 31 A of the robot side concavo-convex pattern 31 and a height H2 of the convex portion 32A 
of the cover side concavo-convex pattern 32, as shown in Fig. 4(C). 

[0042] Accordingly, the robot system 1 does not allow the screws 4 to be screwed into the tapped holes 1 0B of the 
pet robot 2 through the screw holes 3B of the cover unit 3 as shown in Fig. 4(C) when the cover unit 3 is an irregular 
cover unit, thereby making it impossible to fix the irregular cover unit 3 to the pet robot 2. 

(1-2) Operation and Effect in This Embodiment 

[0043] In the robot system 1 which has the above described configuration, the robot side concavo-convex pattern 
31 is fitted with the cover side concavo-convex pattern 32 at a stage to fit the cover unit 3 over the pet robot 2 when 
the cover unit 3 is a regular cover unit, so that the above described cover unit 3 can be fitted correctly. On the contrary 
when the cover unit 3 is an irregular cover unit, the robot side concavo-convex pattern 31 does not fit the cover side 
concavo-convex pattern 32, so that the above described cover unit 3 can not be fitted correctly. 
[0044] Accordingly, the robot system 1 is capable of excluding irregular cover units 3 and providing a result to effec- 
tively prevent the pet robot 2 from being troubled due to the use of the irregular cover unit 3 when only those who 
manufacture the cover unit 3 in compliance with a standard for the pet robot 2 are permitted to use the cover side 
concavo-convex pattern 32. 

[0045] The above described configuration is adapted to form the cover side concavo-convex pattern 32 having the 
predetermined form of the registered design on the cover unit 3 and the robot side concavo-convex pattern 31 having 
the inverted form of the concavo-convex form of the above described cover side concavo-convex pattern 32 on the 
pet robot 2 so as to fit the cover side concavo-convex pattern 32, thereby making it possible to realize a robot system 
which is capable of preventing the irregular cover unit 3 from being fitted over the pet robot 2 effectiveV and preventinq 
the robot from being troubled by excluding irregular covers. 

(1-3) Other Embodiments 

[0046] Note that, in the aforementioned embodiment, the present invention is applied to the quadruped walking type 
pet robot 2 configured as shown in Fig. 1. The present invention, however, is not limited to this and applicable widely 
to other vanous kinds of robots such as toys and dolls (hereinafter, it is the same in the following second to sixth 
embodiments). 

[0047] Further, though the robot side concavo-convex pattern 31 is formed in the base member 30 in the above 
described embodiment, the present invention is not limited to this and it is possible, for example, to dispose a boss 40 
for fixing the cover unit 3 to the pet robot 2, to form a concavo-convex pattern 41 having a predetermined form on a 
top end surface of the boss 40 and to form a corresponding concavo-convex pattern 42 on the cover unit 3 so as to fit 
the concavo-convex pattern 41 as shown in Figs. 5(A) and 5(B). 

[0048] Further, though cubic patterns (the cover side concavo-convex pattern 32 and the robot side concavo-convex 
pattern 31) are formed as the authenticating pattern on the cover unit 3 and the authenticating means on the pet robot 
2 in the above described embodiment, the present invention is not limited to this and it is possible, for example to form 
a planar pattern (a pattern of a color or reflectance) on the cover unit 3 as an authenticating pattern and to dispose a 
CCD camera or the like on the pet robot 2 as the authenticating means so that the controller 20 (Fig. 2) of the pet robot 
2 judges whether or not the cover unit 3 is irregular on the basis of the authenticating pattern of the cover unit 3 
photographed by the CCD camera and makes the pet robot 2 inoperative when the cover unit 3 is irregular. 
[0049] Furthermore, it is possible to form the authenticating pattern on the cover unit 3 using an electrically conductive 
material such as an electrically conductive paint and form an electrode on the pet robot 2 as the authenticating means 
so that the authenticating pattern on the cover unit 3 is detected electrically. 

[0050] Furthermore, it is possible, for example, to form a predetermined concavo-convex pattern (ether linearly or 
two-d.mens.onally) 43 on the cover unit 3 as an authenticating pattern and arrange a plurality of touch sensors 44 
(ether linearly or two-dimensionally) at corresponding locations of the pet robot 2 as shown in Fig. 6 so that the controller 
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20 of the pet robot 2 judges whether or not the cover unit 3 is irregular on the basis of which touch sensors 44 in the 
authenticating pattern (concavo-convex pattern 44) on the cover unit 3 are pressed and makes the pet robot 2 inop- 
erative when the cover unit 3 is irregular. 

[0051] Though the concavo-convex pattern. having the form of the registered design (cover side concavo-convex 
5 pattern 32) is used as the authenticating pattern on the cover unit 3 in the above described embodiment, the present 
invention is not timited to this and forms other than the registered form can be used widely as the cover side concavo- 
convex pattern 32 so far as the forms can technically or legally restrict use of the concavo-convex pattern of the cover 
unit 3 only to specific persons. 

[0052] In this case, it is possible to use a concavo-convex pattern 45 which is formed by embossing characters of a 
10 registered trademark or the like as the authenticating pattern on the cover unit 3, for example, as shown in Fig. 7. 
[0053] Furthermore, through the present invention uses the cover unit 3 which is made of synthetic resin having 
predetermined hardness and is formed as shown in Fig. 1 , and the present invention is not limited to this and can use 
other kinds of materials as a material of the cover and also other different shapes for the cover can be applied so that 
impressions of the pet robot 2 can be changed preferably. 

15 

(2) Second Embodiment 

(2-1) Configuration of Robot System 50 in this Embodiment 

20 [0054] Fig. 8 shows a robot system 50 according to a second embodiment, and a predetermined cover part (here- 
inafter, referred to as a cover unit) 52 can cover a whole surface of a pet robot 51 by detachably being fit over the pet 
robot 51 . 

[0055] The pet robot 51 is actually composed by coupling leg member units 54A through 54D with front right, front 
left, rear right, rear left portions of a body member unit 53, and connecting a head member unit 55 and a tail member 

25 unit 56 to a front end and a rear end of the body member unit 53 respectively. 

[0056] A cooling fan (not shown) is disposed in the body member unit 53, and an air exhaust port 53AX and an air 
suction port 53BX (Fig. 9) are formed on a top surface 53A and a bottom surface 53B for the cooling fan. Accordingly, 
the pet robot 51 is configured to be capable of lowering an internal temperature of the body member unit 53 by ex- 
hausting air, which has been sucked with the air suction port 53BX, through the body member unit 53 from the air 

30 exhaust port 53AX to outside while the cooling fan is driven. 

[0057] Furthermore, disposed on a bottom surface 53B of the body member unit 53 is an interface member (here- 
inafter referred to as a main body side interface member) 58 on which a connector part 57 is composed of a connector 
half 57A and an engaging mechanism part 57B as shown in Fig. 9. 

[0058] On the other hand, as shown in Fig. 8, the cover unit 52 is formed by a cover main body 52A which has the 
35 same shape as a real dog and is made of synthetic fibers. And disposed at a predetermined location on the back 
surface of the cover main body 52A is an interface member (hereinafter referred to as a cover side interface member) 
60 on which a connector part 59 is composed of a connector half 59A and an engaging mechanism part 59B which 
are to be connected to the connector half 57A and the engaging mechanism part 57B of the main body side interface 
member 58 disposed on the body member unit 53. 
40 [0059] To fit the cover unit 52 actually over the pet robot 2, the cover main body 52A of the cover unit 52 is fitted so 
as to cover a whole surface of the pet robot 2, and then by connecting the connector part 59 of the cover side interface 
member 50 to the connector part 57 of the main body side interface member 58, the connector halves 57A and 59A 
are electrically connected to each other and the engaging mechanism parts 57B and 59B are connected mechanically. 

45 (2-2) Internal Configuration of Pet Robot System 

[0060] In the robot system 50 shown in Fig. 1 0, accommodated in the body member unit 53 of the pet robot 51 are 
a controller 70 which controls entire motions of the pet robot 51 , a battery 71 which functions as a driving power source 
of the pet robot 51 , an internal sensor member 74 which consists of a battery sensor 72 and a heat sensor 73, the 
50 main body side interface member 58 which consists of a coupling sensor 80 and the connector part 57, and an infor- 
mation reading member 75 which reads out a control program stored in a recording medium (not shown) which is 
inserted from outside. 

[0061] Disposed at predetermined locations in a head member unit 55 are a microphone 76 which is used as "ears", 
a CCD (charge coupled device) camera 77 which is used as "eyes", a touch sensor 78, a speaker 79 which is used 
55 as a "mouth" and so on. . 

[0062] Furthermore, actuators 54AA! to 54AA K , 54BA 1 to 54BAk, SAC*) to 54CA K , 54DA t to 54DA K , 55A^ to 55A L 
and 56A! to 56A M are disposed in joint parts of leg member units 54A to 54D, coupling parts of the leg member units 
54A to 54D and the body member unit 53, a coupling part of the head member unit 55 and the body member unit 53, 
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a coupling part of a tail member unit 56 and the body member unit 53, etc. 

[0063] The microphone 76 of the head member unit 55 gathers order sounds such as "walk," "lie down" and "chase 
a ball" which are given in form of musical scales from a user with a sound commander (a commander which gives 
sounds in form of musical scales different dependently on operation contents) which is not shown and sends out an 
obtained audio signal S10 to the controller 70. The CCD camera 77 picks up an image of surrounding conditions and 
sends out an obtained image signal S1 1 to the controller 70. 

[0064] Furthermore, the touch sensor 78 is disposed on the top of the head member unit 55 as apparent from Fig 
8, and detects pressures applied from the user by physical spurring such as "patting" and "striking," and sends out a 
detection result as a pressure detection signal S1 2 to the controller 70. 

[0065] Furthermore, the battery sensor 72 of the body member unit 53 detects a residual amount of the battery 71 
at a plurality of steps and sends out a detection result at each step as a battery residual amount detection siqnal S13 
consecutively to the controller 70. 

[0066] Furthermore, the heat sensor 73 of the body member unit 53 detects an internal temperature of the pet robot 
51 and sends out a detection result as a heat detection signal S14 to the controller 70. 

[0067] Furthermore, the main body side interface member 58 of the body member unit 53 is composed of the coupling 
sensor 80 and the above described connector part 57 which is composed of the connector half 57A and the engaging 
mechanism part 57B. The coupling sensor 80 detects coupling conditions of the cover unit 52 with the cover side 
interface member 60 and sends out a detection result as a cover detection signal S15 to the controller 70 
[0068] On the basis of the audio signal S10, the image signal S11, the pressure detection signal S12 the battery 
residual amount detection signal S13, the heat detection signal S14 and the cover detection signal S15 and the like 
which are given from the microphone 76, the CCD camera 77, the touch sensor 78, the battery sensor 72 the heat 
sensor 73 and the coupling sensor 80, the controller 70 judges surrounding conditions and whether or not the user 
made an order, spurring and the like. 

[0069] On the basis of a judgment result and the control program which has been input, the controller 70 determines 
a next action, and allows the pet robot to take actions such as swinging the head member unit 55 up, down left and 
right, moving the tail member unit 56, walking with the leg member units 54A through 54D by driving actuators 54AA< 
to 54AAk 54BA, to 54BAk, 54CA, to 54CA K , 54DA, to 54DAk, 55A, to 55A L and 56A, to 56AM which are required 
from the determination result. 

[0070] At this time, the controller 70 gives a predetermined audio signal S1 6 to the speaker 79 as occasion demands 
thereby allowing the speaker to output sounds to outside on the basis of the above described audio signal 81 6 and 
turns on or off or flickers LEDs (light emitting diode) which are not shown and disposed at locations of "eyes" of the 
pet robot 51. 

[0071] The pet robot 51 is capable of acting autonomously on the basis of surrounding conditions and the control 
programs, as described above. 

[0072] In the cover unit 52, on the other hand, the cover side interface member 60 which is built in a cover main body 
52A comprises an information storage member 81 and the above described connector part 59, and the above mentioned 
connector part 59 is composed of the connector half 59A and the engaging mechanism part 59B. The engaging mech- 
anism part 59B in the cover side interface member 60 is configured so as to be fitted detachably to the engaginq 
mechanism part 57B in the main body side interface member 58. 

[0073] The information storage member 81 in the cover side interface member 60 comprises, for example a non- 
volatile memory such as a ROM (random access memory) which preliminarily stores information representing' a man- 
ufacturer ID, information representing a manufacturing license such as a product ID, a lot number and the like deter- 
mined by the manufacturer, an'd enciphered information for authenticating a cover unit and so on (hereinafter referred 
to as cover setting information D1 ), for each cover number allocated to a type of the cover unit 52 
[0074] Furthermore, preliminarily stored in the recording medium to be inserted into the information reading member 
75 disposed in the body member unit 53 is program information (hereinafter referred to as performance information) 
D2 for determining performances of the pet robot 51 according to the contents of the cover setting information D1 fo 
the above descnbed each cover number. 

[0075] When the cover side interface member 60 is coupled with the main body side interface member 58, the con- 
nector half 59A and the. engaging mechanism part 59B disposed on the connector part 59 of the above described 
cover side interface member 60 are connected electrically and mechanical^ to the corresponding connector half 57A 
m«™ 9 T 9 m f C , hanism P art 57B dte P° eed on the connector part 57 of the main body side interface member 58 
[0076] Concretely speaking, the main body side interface member 58 and the cover side interface member 60 are 
configured as shown in Fig. 1 1 . 

[0077] In the main body side Interface member 58, connecting terminals A1 to A4 for a grounding line L1 a power 
source line L2, a measurement line L3 and a signal line L4 are exposed on the connector half 57A of the connector 
Part 57 and an end of a load resistor R1 which has the other end connected to ground is connected between the 
connecting terminal A3 and the coupling sensor 80 on the measurement line L3. 
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[0078] In the cover side interface member 60, connecting terminals A5 to A8 for a ground line L5, a power source 
line L6, a measurement line L7 and a signal line L8 are exposed on the connector part 59, a load resistor R2 is disposed 
on the measurement line L7 which is drawn from the power source line L6, and ends of the above described load 
resistor R2 are connected to the information storage member 81 and the connecting terminal A7. 

5 [0079] When the connector half 59A disposed on the connector part 59 of the cover side interface member 60 is 
actually connected to the connector half 57A disposed on the connector part 57 of the main body side interface member 
58, the connecting terminals A1 to A4 for the ground line L1 , the power source line L2, the measurement line L3 and 
the signal line L4 on the connector half 57A are brought into contact with and conductive to the corresponding con- 
necting terminals A5 to A8 for the lines L5 to L8 on the connector half 59A. 

10 [0080] At this time, the coupling sensor 80 in the main body side interface member 58 detects a voltage value of the 
load resistor R2 on the measurement line L7 connected to the power source line L6 in a condition where the connector 
halves 59A and 57A conductive to each other, between the cover side interface member 60 and the main body side 
interface member 58, thereby judging a coupling condition of the main body side interface member 58 with the cover 
side interface member 60 (an "H" level in a coupling condition or an "L" level in a separated condition). 

15 [0081] As a result, the controller 70 reads out the cover setting information D1 stored in the information storage 
member 81 inlhe cover side interface member 60 only when the coupling sensor 80 obtains an affirmative result, reads 
out the performance information D2 from the recording medium inserted into the information reading member 75 in 
the body member unit 53 on the basis of the above described cover setting information D1 and determines an action 
of the pet robot 51 on the basis of the performance information D2, thereby driving the actuators 54AA-, to 56AM which 

20 are required for the determined action and allowing the speaker 79 to output sounds as occasion demands. 

[0082] When the cover unit 52 is fitted, the pet robot 51 is capable of autonomously changing actions with the indi- 
viduality according to the cover setting information D1 stored in the information storage member 81 in the cover side 
interface member 60 of the above described cover unit 52 and the performance information D2 read out from the 
recording medium inserted into the information reading member 75 in the body member unit 53 on the basis of the 

25 above described cover setting information D1 . 

(2-3) Manifestation of Actions Dependent on Emotions and Instincts of Pet Robot 51 

[0083] The pet robot 51 is configured not only to autonomously act in accordance with the surrounding conditions, 
30 the control program and the like, but also to change actions as if it were a real animal which has natural "emotions and 
instincts." 

[0084] That is, the pet robot 51 has three "emotion expressions" of "joy," "sadness" and "anger as well as three 
"instinct expressions" of "appetite," "curiosity" and "desire for movement." Preliminarily stored in a memory of the 
controller 70 are action and motion models consisting of various kinds of control parameters and control programs as 
35 bases of actions and motions related to four items of "walking condition," "motion," "action" and "sound" for each 
"emotion expression" and each "instinct expression." 

[0085] Now, description will be made of processing performed by the controller 70 to generate the actions of the pet 
robot 51 . 

[0086] As shown in Fig. 12, functions of the controller 70 for processing to generate actions of the pet robot 51 can 
40 be classified into a sensor input processing section 90 which recognizes a specific external condition, a emotion and 
instinct model section 91 which expresses conditions of the emotions and instincts by accumulating recognition results 
of the above described sensor input processing section 90, an action determining mechanism section 92 which deter- 
mines a succeeding action on the basis of the recognition results of the above described sensor input processing 
section 90, a posture transition mechanism section 93 which allows the pet robot 51 to actually manifest actions on 
45 the basis of the determination result of the above described action determining mechanism section 92 and an expres- 
sion result of the emotion and instinct model section 91 , and a control mechanism section 94 which drives and controls 
the actuators 54AA 1 to 56A M . 

[0087] In this case, the sensor input processing section 90 recognizes the specific conditions on the basis of the 
audio signal S1 0, the image signal S1 1 , the pressure detection signal S1 2, the battery residual amount detection signal 
so S1 3, and the heat detection signal S1 4 which are respectively supplied from the microphone 76, the CDD camera 77, 
the touch sensor 78, the battery sensor 72, and the heat sensor 73, and sends out the recognition result as a condition 
recognition information D5 to the emotion and instinct model section 91 and the action determining mechanism section 
92. 

[0088] Concretely, the sensor input processing section 90 always checks the audio signal S1 0 which is given from 
55 the microphone 76, and when detecting spectrums of which musical scales are the same as an order sounds which 
are output as spectrums of the audio signal S10 from the sound commander in accordance with an order such as 
"walk," "lie down," and "chase a ball", it recognizes that the order was given informs the emotion and instinct model 
section 91 and action determining mechanism section 92 of the recognition result as the condition recognition infor- 
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mation D5. 



th !, Se k nS0 ' ! npUt Passing section 90 always checks image signals S11 which are given from the 
CCD camera 77 and when detecting from an image based on the image signal S1 1 , for example, "something red" or 
' S ^ aCe Whlch ',r ertical 10 the ground and fe ,ha " a predetermined height", it recognizes that Sera is a 

Son 22T 8 " T T em ° ti0n insUnCt m ° del S6C,i0n 91 and the acti °" fining ^nfem 
section 92 of the recognition result as the condition recognition information D5 

E m !"£ d f °V he S6nS0r !? PUt processin 9 sec,ion 90 alwa VS checks pressure detection signals S12 which are 
IT. iTJ h h Whe " deteCtinQ ° n the basis of the P ressure detection si g™' S12, pressure which 

Z a nrSriH T 'T^' " d °" ^ Whe " de,ec,in 3 P ressure which nas a threshold not highe 

than a predetermined value and ,s given for a long time (for example, more than two seconds), recognizes that it was 
patted (praised). Then, the sensor input processing section 90 informs the emotion and instinci model section 91 aZ 
raooi?° n F de K rminm9 , mechanism section 92 ° f 'he recognition result as the condition recognition information D5. 

stonals sf 3 w^rl *? T ►IT Pr ° C6SSin9 90 a ' WayS ° heckS ,he residua ' detection 

i r, Ln nnT » , ° ! r ° m the batterV SenS ° r 72 ' and when recognizing that the amount of energy in the battery 

« of T J '! ' ! hS em ° ti0n and inStinCt m ° del Section 91 and the action determining mecSanism section 
92 of the recognition result as the condition recognition information D5. 

Sll 2 ! Fu * he ™° re ' the sensor input processing section 90 always checks the heat detection signals S14 which are 
g.ven from the heat sensor 73, and when recognizing that the temperature inside the pet robot 51 is higher than a 

section 92 of the recognrtion result as the condition recognition information D5 

ZThZ™*^ SenSOr : nput Passing section 90 recognizes the presence or absence of the cover unit 

Ln ll^r ? 9 ' 0rr r at '° n S6t in C0V6r Unit 52 ° n the basis of cover detection signal S15 which is 

o Tf omThl tZS " 9 S ? nS ° r mai " b ° dy ' nterfaCe member 58 ' ,he C0Ver set,i "g '"tormation D1 read 

out from the mformat.on storage member 81 in the cover side interface member 60, and the performance information 

%£S2Z5i 6 Z^Tr*" 3 member 75 in the b0dy member unit 53 ' and inf0 - s the emoSon iTst c 

^ e mLio?Mnr^n7 t nd ^ n ^ m0de ' SeCti ° n 91 h8S COntrol Peters for a basic emotion group 100 consisting 
of emotion units 100A to 100C adopted as a plurality of independent emotion models and a basic desire group 5? 

Z£2£ZZ UmtS , 1 ° 1C ad ° Pted 38 3 P,UraRty ° f independent desire models the memory 70A ofthe 

mIT T \ 6XPreSSeS an em ° ,i0n ° f "* Sadness " and theemotion unit 1 0OC expresses an emotion of "anger " 
[0095] The emot,on units 100A to 100C represent intensities of the emotions, for example by 0 to 100 levels and 

£3£ ■SE* I* emot !° ns f T time t0 time on the basis of the condition recognitio " Ji^SSSSiS 

Tnnlininn th ? ? V ' tha em ° t,0n and ™« n « moda ' section 91 expresses the emotions of the pet robot 51 by 

[0096] In the basic desire group 1 01 , the desire unit 1 01 A expresses a desire of "appetite » the desire unit 1 01 B 

tZTl* f Sife °' " CUrl ° Sity " and the d6Sirc Unit 101C ex P resses a ^sire of "desire for motion ' 

[0097] Similar to the emotion units 100A to 100C, the desire units 101A to 51D represents the intensities of the 

desires, for example, by 0 to 1 00 levels and change the intensities of the desires from tfcne to time on the basis of le 

es conditions of the .nstincts of the pet robot 51 by combining the intensities of the desire units 101 A to 101C whfch 
are changed from time to time, thereby modeling changes of the instincts with time 

™ the , e ^!° A n and inStinCt m ° del SSCti0n 91 chan g es the intensities of the emotion units 100A to 

100C and the des.re units 101A to 101C respectively on the basis of the condition recognition information D5 The 
emot,on and instinct model section 91 determines the emotions by accumulative* combining the cha3 mtensSs 

ntensrties of the des.re unrts 101A to 101C, and sends out the datemlnedoondWon. «»f the lotto™ and ttoJ^S 
I- 6 , 8 T deteminin g section 92 a s the emotion and instinct condition information D6 

SSL 2 ^ Wh , 6n 6m0ti0n UnitS 1 °° A t0 1 ° 0C d8Sired out of the bas ie emotion group 1 00 are combined 

an totln ST T" 1316 eaCh ° ther and an intenSi * ^^con^m^^lA^^^ 

real JeTa oe, ^SSJ T C ° rfesp0n « n ^ wheret * *e emotion and instinct mode, sec' on 91 
realizes a pet robot with natural emotions and instincts. 

[0100] When the "joy" emotion unit 1 00A is combined with the "anger" emotion unit 1 00B so as to restrain each other 

when tnT l? h \ r 6 TS" and inSti " Ct m ° del SeCti ° n 91 enhances an ^nsity of the "joy" emoZ unf ?o OA 
when the pet robot ,s praised by the user and naturally lowers an intensity of the "anger" emotion unit 100B as the " 
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intensity of the M joy" emotion unit 1 00A is enhanced even when the condition recognition information D5 which changes 
the intensity of the "anger" emotion unit 100B is not supplied. Similarly, when an intensity of the "anger" emotion unit 
1 00B is enhanced, the emotion and instinct model section 91 lowers an intensity of the "joy" emotion unit 1 00A naturally 
as the intensity of the "anger" emotion unit 1 00B is enhanced. 

5 [0101] By combining the "sadness" emotion unit 100B with the "anger" emotion unit 100C so as to stimulate each 
other, the emotion instinct model section 91 enhances an intensity of the "anger" emotion unit 1 00C when the pet robot 
is struck by the user and naturally enhances an intensity of the "sadness" emotion unit 100B as the intensity of the 
"anger" emotion unit 1 00C is enhanced even when the condition recognition information D5 which changes the intensity 
of the "sadness" emotion unit 1 00B is not supplied. Similarly, when an intensity of the "sadness" emotion unit 1 00B is 

10 enhanced, the emotion and instinct modelsection 91 enhances an intensity of the "anger" emotion unit 31 C naturally 
as the intensity of the "sadness" emotion unit 100B is enhanced. 

[0102] When the desire units 1 01 A to 1 01 C desired out of the basic desire units 1 01 are combined so as to restrain 
or stimulate each other as in the case where the emotion units 1 00A to 1 00C are combined and an intensity of one of 
thecombined desire units 1 01 Ato 101 C is changed, an intensity of the other desire unit is also changed correspondingly, 

15 whereby the emotion and instinct model section 91 realizes the pet robot 51 with natural instincts. 

[0103] In Fig. 15, action information D7 having contents of a current action or a past action of the pet robot 51 itself, 
for example, "having walked for a long time" is supplied to the emotion and instinct model section 91 from an action 
determining mechanism member 92 disposed at a later stage, and even when an identical condition recognition infor- 
mation D5 is given, the emotion and instinct model section 91 generates the different emotion and instinct condition 

20 information D6 in accordance with the action of the pet robot 51 represented by the above described action information 
D7. 

[0104] Concretely speaking, as shown in Fig. 15, intensity increase-decrease functions 105A to 1 05C which generate 
intensity information D8A to D8C for enhancing and lowering intensities of the emotion units 100A to 100C on the basis 
of the action information D7 representing actions of the pet robot 51 and the condition recognition information D5 are 
25 disposed at stages preceding to the emotion units 100A to 100C so that the emotion and instinct model section 91 
enhances and lowers the intensities of the emotion units 1 00A to 1 00C dependently on the intensity information D8A 
to D8C which is output from the intensity increase-decrease functions 105A to 105C. 

[01 05] The emotion and instinct model section 91 enhances an intensity of the "joy" emotion unit 1 00A, for example, 
when the pet robot salutes the user and is patted, that is, when the action information D7 representing salutation to 

30 the user and the condition recognition information D5 representing the patting on the head are given to the intensity 
increase-decrease function 1 05A, whereas the emotion and instinct model section 91 does not change an intensity of 
the "joy" emotion unit 1 00A even when the pet robot is patted during doing a task, that is, even when the action infor- 
mation D7 representing the middle of the task and the condition recognition information D5 representing the patting 
are given to the intensity increase-decrease function 105. 

35 [0106] As described above, the emotion and instinct model section 91 determines intensities of the emotion units 
1 00A to 1 00C while referring not only to the condition recognition information D5 but also to the action information 07 
representing the current or past action of the pet robot 51 , thereby being capable of avoiding arising of an unnatural 
instinct, for example, the enhancing of an intensity of the "joy" emotion unit 100A, for example, when the pet robot is 
patted on the head simply for fun during doing a task 

40 [0107] By the way, as to the desire units 101 A to 101C, the emotion and instinct model section 91 also enhances 
and lowers intensities of the desire units 1 01 A to 101 C on the basis of the condition recognition information D5 and 
the action information 07 which are supplied. 

[0108] As described above, the intensity increase-decrease functions. 105A to 105C are functions which generate 
and output the intensity information D8A to D8C in accordance with the parameters set in advance when the condition 
45 recognition information D5 and the action information D7 are input, thereby being capable of letting the pet robots 51 
have individualities, for example, a pet robot 51 liable to be angry and a pet robot 51 having a joyful character by setting 
the above mentioned parameters at different values for the individual pet robots 51 . 

[0109] In Fig. 1 2, the action determining mechanism section 92 determines a next motion on the basis of the condition 
recognition information D5 and the emotion and instinct condition information D6, and sends out the contents of a 

so determined motion to the posture transition mechanism section 93 as action command information D9. 

[0110] Concretely speaking, as shown in Fig. 16, the action determining mechanism section 92 uses an algorithm 
referred to as a limited automaton 110 having a limited number of states which expresses a history of the condition 
recognition information D5 supplied in the past as a motion state (hereinafter referred to as a state) and determines 
the next action by transition of the above described state Into another state on the basis of the condition recognition 

55 information D5 currently supplied and a state at this time. The action determining mechanism section 92 determines 
a motion referring not only to the current condition recognition information D5 but also to the past condition recognition 
information D5 by shifting a state each time when the condition recognition information D5 is supplied and determining 
a motion dependently on the shifted state. 
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[0111] Accordingly, a state ST1 of "chasing a ball" is shifted to a state ST5 of "standing," for example, when the 
condition recognition information D5 of "lost sight of a ball" is supplied, whereas a state ST2 of "lie down" is shifted to 
a state ST4 of "standing" when the condition recognition information D5 of "get up" is supplied. It will be understood 
that a motion is identical but states are different between these states ST4 and ST5 due to different histories of the 
past condition recognition information D5. 

[0112] Actually, the action determining mechanism section 92 shifts a current state to a next state when detecting a 
predetermined trigger. Concrete examples of the trigger is that a motion at a current state has been performed for a 
fixed period of time and that an intensity of a desired unit out of intensities of the emotion units 1 0OA to 1 00C and the 
desire units 1 01 A to 1 01 C represented by the specific condition recognition information D5 and the emotion and instinct 
condition information D6 supplied from the emotion and instinct model section 91 has exceeded a predetermined 
threshold value. 

[0113] At this time, the action determining mechanism section 92 selects a state as a transition destination on the 
basis of whether or not the predetermined threshold value is exceeded by an intensity of a unit desired out of the 
emotion units 100A to 100C and the desire units 1 01 A to 101 C represented by the emotion and instinct condition 
information D6 supplied from the emotion and instinct model 91 . Accordingly, the action determining mechanism section 
92 is configured to make transition to a different state dependency on intensities of the emotion units 100A to 100C 
and the desire units 101 A to 101 C even when an identical condition recognition information D5 is input. 
[0114] Accordingly, the action determining mechanism section 92 generates action command information D9 for 
allowing the pet robot to take a -motion of "hand lending" in response to a palm stretched toward the eyes and sends 
out the information D9 to the posture transition mechanism section 93, when the action determining mechanism section 
92 detects a palm stretched out toward the eye, on the basis of the supplied condition recognition information D5, 
detects an intensity of the "anger" emotion unit 100C which is not higher than a predetermined threshold value on the 
basis of the emotion and instinct condition information D6 and detects the battery voltage which is not lower than a 
predetermined threshold value (that is, "the pet robot is not hungry) on the basis of the condition recognition information 
D5. 

[0115] Furthermore, the action determining mechanism section 92 generates the action command information D9 
to allow the pet robot to take a motion of "licking a palm" and sends out the information to the posture transition mech- 
anism section 93, when the action determining mechanism section 93 detects a palm stretched out toward the eyes/ 
detects an intensity of the "anger" emotion unit 1 00C which is not higher than the predetermined threshold value and 
detects "the pet robot is hungry," that is, the battery voltage which is lower than the predetermined threshold value. 
[0116] Furthermore, the action determining mechanism section 92 generates the action command information D9 
to allow the pet robot to take a motion of "looking aside in a huff" and sends out the information to the posture transition 
mechanism section 93, when the action determining mechanism section 92 detects a palm stretched out toward the 
eyes and an intensity of the "anger" emotion unit 100C which is not lower than the predetermined threshold value. It 
does not matter whether or not "the pet robot is not hungry," that is, whether or not the battery voltage is not lower than 
the predetermined threshold value. 

[0117] On the basis of intensities of units desired out of the emotion units 100A to 100C and the desire units 101 A 
to 1 01 C represented by the emotion and instinct condition information D6 supplied from the emotion and instinct model 
section 91 , the action determining mechanism section 92 determines parameters for actions to be taken at a state of 
a transition destination, for example, walking speed, speeds and magnitudes to move hands and feet, a pitch and a 
volume of a sound to be given and so on, generates the action command information D9 corresponding to the above 
described parameters for the actions and sends out the information to the posture transition mechanism section 93. 
[0118] Since the information recognition information D5 which is given from the sensor input processing section 90 
has contents which are different depending on timings of inputs into the emotion and instinct model section 91 and the 
action determining mechanism section 92, the condition recognition information D5 is input into both the emotion and 
instinct model section 91 and the action determining mechanism section 92. 

[0119] The controller 70 generates the emotion and instinct condition information D6 of "joy" with the emotion and 
instinct model section 91 and supplies the emotion and instinct condition information D6 to the action determining 
mechanism section 92, for example, when the information recognition information D5 representing "being patted on 
the head" is supplied. However, when the information recognition information D5 representing "there is a hand in front 
of the eyes" is supplied in this condition, the controller 70 generates the action command information D9 of "willing to 
lend a hand" in the action determining mechanism section 42 on the basis of the above described emotion and instinct 
condition information D6 of "joy" and the information recognition information D5 of "there is a hand in front of the eyes, 
" and sends out the action command information D9 to the posture transition mechanism section 43. 
[01 20] In Fig. 1 2, the posture transition mechanism section 93 generates posture transition information D1 0 for tran- 
sition of a current posture to a next posture on the basis of the action command information D9 supplied from the action 
determining mechanism.section 92 and sends out the posture transition information D10 to the control mechanism 
section 94. In this case, a posture to which a current posture can be shifted is determined dependently, for example, 
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on physical forms of the pet robot 51 such as forms and weights of a body, hands and feet, coupling conditions of parts 
and mechanisms of the actuators 54AA 1 to 56A M such as bending directions and angles of joints. 
[0121] The postures to which the current posture can be shifted are classified into those to which the current posture 
can be shifted directly and others to which the current posture cannot be shifted directly. For example, the pet robot 
5 51 with four feet can shift from a posture where it is lying with hands and feet largely thrown out to a lie-down posture, 
but not to a standing posture. This transition requires two steps of motions of taking a lie-down posture once with the 
hands and feet drawn near the body and then a motion of standing up. Furthermore, there is a posture which cannot 
be taken safely. For example, the four-footed pet robot easily falls down when it tries to raise both forefeet in a standing 
posture. 

10 [0122] Therefore, the posture transition mechanism section 93 in which postures to which transition is possible are 
preliminarily registered sends out the above described action command information D9 supplied from the action de- 
termining mechanism section 92 to the control mechanism section 94 as the posture transition information D10 with 
no modification when the action command information D9 represents a posture to which direct transition is possible. 
However, in the case of a direct transition is impossible, the posture transition mechanism section 93 generates the 

15 posture transition information D 1 0 which represents transitions to another possible posture and then to a target posture, 
and sends out the information to the posture transition mechanism section 94. Accordingly, the pet robot 51 is capable 
of avoiding an unreasonable attempt to take a posture to which transition is impossible or an event of falling down. 
[0123] Concretely speaking, the posture transition mechanism section 93 is configured to preliminarily register pos- 
tures which the pet robot 51 is capable of taking and possible transition between two postures. 

20 [0124] The posture transition mechanism section 93 uses an algorithm referred to as a directed graph 111 which 
expresses postures which the pet robot 51 is capable of taking with nodes NODE 1 to NODE 5 , in which the two postures 
between which transition is possible, that is, the nodes NODE., to NODE 5 are connected to each other with the directed 
arcs ARC 1 to ARC 10 , for example, as shown in Fig. 1 7. 

[0125] When the action command information D9 is supplied from the action determining mechanism section 92, 
25 the posture transition mechanism section 93 searches for a path from a current node NODE! to NODE 5 to a next node 
NODE., to NODE 5 following a direction of the directed arc ARC, to ARC 10 by connecting a node NODE., to NODE 5 
corresponding to a current posture to a node NODE., to NODE 5 corresponding to a posture to be taken next indicated 
by the action command information D9 and consecutively records nodes NODE., to NODE 5 existing on the searched 
path, thereby planning posture transition. Accordingly, the pet robot 51 is capable of taking a motion directed by the 
30 action determining mechanism section 92 while avoiding an unreasonable attempt to take posture to which transition 
is impossible and an event of falling down. 

[0126] When the action command information D9 of "sit down" is supplied at the node NODE 2 which represents the 
current posture of "lie down," for example, the posture transition mechanism section 93 gives posture transition infor- 
mation D10 of "sit down" to the posture control mechanism section 94 utilizing a fact that direct transition is possible 

35 from the node NODE 2 representing a posture of "lie down" to the node NODE 5 representing a posture of "sit down," 
[0127] On the contrary, when the action command information D9 of "walk" is supplied, the posture transition mech- 
anism section 93 plans posture transition by searching for a path from the node NODE 2 of "lie down" to the node 
NODE4 of "walk," generates as a result the posture transition information D1 0 which makes an order of "stand up" and 
then an order of "walk," and sends out the information to the control mechanism section 94. 

40 [01 28] In Fig. 1 2, the control mechanism section 94 generates a control signal S20 for driving the actuators 54AA 1 
to 56AM on the basis of the posture transition information D10, sends out the control signal S10 to the actuators 54AA t 
to 56A M for driving the above described actuators 54AA., to 56AM, thereby allowing the pet robot 51 to take a desired 
action. 

45 (2-4) Cover Fitting Processing Procedure RT1 

[0129] When the cover unit 52 is actually fitted, the controller 70 in the pet robot 51 enters a cover fitting processing 
procedure RT1 shown in Fig. 11 from step SP0, and while monitoring a detected condition of the coupling sensor 80 
in the main body side interface member 58 on the body member unit 53 at step SP1 , the controller 70 proceeds to step 

50 SP2 where the controller 70 judges whether or not the cover side interface member 60 in the cover unit 52 has been 
connected electrically and mechanically on the basis of a detection result of the above described coupling sensor 80. 
[0130] At the step SP2, the controller 70 waits for an affirmative result, proceeds to step SP3 where the controller 
70 reads out the cover setting information D1 from the information storage member 81 in the cover side interface 
member 80 on the cover unit 52 and decodes an enciphered information included in the above described cover setting 

55 information D1 at step SP4. 

[0131] Successively, the controller 70 extracts a cover number included in the cover setting information D1 at step 
SP5 and proceeds to step SP6 where the controller 70 reads out the performance information D2 corresponding to 
the above described cover number with the information reading member 75 in the body member unit 53. 
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C2? .< V Pr0Ce9dS 10 St6p SP7 Where the controller 70 decodes ^ciphered information included 

in the performance information D2, which is read out with the information reading member 75 and at step SP8 judges 

2?SP4 SPT 00 ™ " nit 52 fittSd ° Ver 11,6 P6t r0b0, 51 iS 3 re9U ' ar °° Ver ° n b3SiS 0f decoded result ' s at * he 
[0133] When an affirmative resuft is obtained at the step SP8 which represents that the cover unit 52 has been 
authen icated as a regular cover to be fitted over the pet robot 51 , the controller 70 proceeds to step SP9 where the 
controller 70 mentors an on/off condition of the touch sensor 78 on the basis of spurring by the user and proceeds to 
step SP10 only when detecting spurring such as "patting" and "striking" 

[0134] At the step SP10, the controller 70 determines a current emotion condition by accumulatively combining in- 
tensities of emotions such as "being patted" and "being struck" (the emotion units 100A to 100C described above in 

rig. 13). 

[0135] The controller 70 thereafter proceeds to step SP1 1 where the controller 70 determines next action contents 
and sound contents dependently on the current emotion condition, selects action contents and sound contents suitable 
for the determined action contents and sound contents, out of the performance information D2 corresponding to a type 
of the cover unit 52 (that is, the cover number) at step SP12, and then proceeds to step SP1 3 
I f 1 0r V k he ° 0ntra i r * when a negative « obtained at the step S8 which indicates that the cover unit 52 has 
not been authenticated as a regular cover to be fitted over the pet robot 51 , the.controller 70 proceeds to step SP14 
where the controller 70 reads out an audio signal indicating an irregular cover, outputs sounds based on the audio 
signal from the speaker 79, and proceeds to the step SP1 3. 

EStJSS m r t0rin ? ad6t jf on condition of the coupling sensor 80 in the main body side interface member 58 
I ' «« C T Pr ° 0eedS t0 St6p SP15 Where the control,er 70 ' ud 9 es Aether °r not the cover side 

[0138] When an affirmative result is obtained at the step SP14. the controller 70 proceeds to step SP1 6 to terminate 
ITSTh 'overfilling Processing procedure RT1 while moving the pet robot 51 autonomously in accordance 

with the above described action contents having an individuality and the sound contents corresponding to the cover 
unit 52, which are determined at the step SP1 2. 

EL ^ en K a » n c e ft tiV I reSUl1 iS ° btained 8t Step SP15 which indicates that the cover unit 52 has been detached 
IZ I! T Tl •? ° r °° Ver SWe interfaCe member 60 of the cover unit 53 has been disconnected 

Int^n t \T *T m6mber 58 ° f thC P6t r0b0t 51 due 10 some extemal cause regardless of a user's 
intention, in contrast, the controller 70 returns once again to the step SP1 to repeat the processings as described above. 

(2-5) Operations and Effects in This Embodiment 

in!2 J!lT T USer "? l deSired C ° Ver Unit 52 ° V6r ,he pet r0bot 51 in the r °b°t system 50, the userfirst electrically 

mlh! « k°T T °° Ver Side in,erf8Ce member 60 0f the cover unit 52 10 the "lain body side interface 
member 58 of the body member unit 53. 

fl^Lti^nff S J! l8 J Ud , 9 f d Wh6ther ° r 001 the CWer Unit 52 is 9 reaular cover ° n the basis of the cover setting 

S^JSZt* r ' ? ati n St0ra9e membef 81 " the C ° Ver Unft 52 and when an affl "™^ ^ult is 
iTr^Z -, T 0 ™ 3 ,n J orrT,atl0n 02 corresponding to the above described cover setting information D1 is read 
out from the information reading member 75 in the body member unit 53 

K, « IS th ! f r ° b0t 51 iS CaPablS °' Changin9 COnditions of a emotion and/or a " 'nstinct in an individual 
2, „ 7? , n9ln9 St3te dete ™ ned on *e basis of the performance information D2 when user's spur- 

ring o an external stimulus is given while the pet robot 51 is taking an autonomous action 

£ 2 »n »o n „ t r Sity °' " anger ", eni ° lion is enha noed at a rate higher than usual, for example, when the cover unit 
52 has an aggressive appearance like a fierce animal or a reptile, whereas an intensity of "joy" emotion is enhanced 

fn^f A ' 9her th3n USUa ' Wh6n th6 C0Ver Unit 52 has a lovel V a PPoarance like a cherished stuffed toy 

Tl' Pet r ° b0t 51 iS ° apab,e ° f reco 9nizing the patting on the head by the user as a "disagreeable 
InnL™ n , o lf T °1 ^P 0 ^^ to the disagreeable thing when the cover unit 52 has the aggressive 

IZZ^^r, . P6t r ° b0t 51 iS Capab ' e ° f rGC09nizin9 the patting on the h ead by the user as a "joyful thing- 
end manifesting a emotion corresponding to the joyful thing when the cover unrt 52 has the lovely appearance 

ntlfi £2 r° re ' f " ' ntenatty ° f thS d6Sire ° f " appetite " desire is enha noed at a rate higher than usual and/or an 
heavy ^^^Whenthecoverun,t52hasarelativelylight. on the other hand, an intensity of the desire of "appetite" is enhanced 

lonTd^nT ,0r h Char9ing tha batte * 71 taki "9 residual amount change of the battery 71 quteker than usual Z 
cons.derat,on, thus showmg to the user the appetite emotion like a real animal. Together with and/or instead of this 
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action, the pet robot 51 is capable of taking a motion with less amount of motion as a residual amount of the battery 
71 is reduced by reducing the amount of motion as the residual amount of the battery 71 gets low. 
[0147] Furthermore, the pet robot 51 is capable of securing a crime preventive property by preventing use of a cover 
unit 52 prepared illegally by a third party since the enciphered information is included in the cover setting information 
5 D1 which is stored in the information storage member 81 of the cover unit 52 so that the pet robot 51 judges whether 
or not the cover unit 52 attached to the pet robot 51 is the regular cover unit, on the basis of the above described 
enciphered information. 

[0148] The configuration described above makes it possible to realize the robot system 50 having a remarkably 
enhanced amusement property since the information storage member 81 which stores the cover setting information 

10 D1 relating to the cover unit 52 is disposed in the cover unit 52, the performance information D2 matched with the 
above described cover setting information D1 is selectively read out of the performance information D2 set for kinds 
of the cover unit 52 and stored in the information storage member 75 in the body member unit 53 when the cover unit 
52 is fitted over the pet robot 51, and emotions and instincts of the pet robot 51 are changed in accordance with 
predetermined changing conditions determined on the basis of the performance information D2 so that performance 

is information D2 is reflected on making actual motions and actions of the pet robot 51 in individual styles. 

(2-6) Other Embodiments 

[0149] Note that, though the present invention is applied to the robot system 50 having a basic configuration of the 
20 quadruped walking type pet robot 51 configured as shown in Fig. 8 in the embodiments described above, the present 
invention is not limited by the embodiments sand the present invention is applicable widely to robot apparatuses having 
other various configurations so far as the robot apparatus manifests predetermined motions (walking, light emission, 
sounding and so on). 

[0150] Further, though the cover unit 52 which is composed of the cover main body 52A made of synthetic fibers 
25 having a shape like a surface skin of a real dog is used as a cover to be detachably fitted over the robot apparatus as 
shown in Fig. 8 in the above described embodiments, the present invention is not limited by the embodiments and 
shapes like surface skins of other animals (cat, raccoon dog, horse, monkey, human or the like) may be made of other 
various kinds of materials (fur, textile, ceramic, synthetic resin, metal and so on). 

[0151] Further, though the cover main body 52A which is made of a monolithic molding of synthetic fiber having a 
30 form like a surface skin of an animal is used as the cover main body 52A to form the cover unit 52, the present invention 
is not limited to this and a plurality of cover parts 137 which are made of metal corresponding to parts of the pet robot 
51 may be used separately as shown in Fig. 26, In this case, the plurality of cover parts 137 consist of a head part 
1 370 A, a body part 1 370B, leg parts 1 37C and shank parts 1 37D , and the above described cover side interface member. 
60 is disposed in the body part 1 37B. In addition, various kinds of material (synthetic fibers, fur, textile, ceramic, synthetic 
35 resin, and so on) other than metai are widely usable to form the cover parts 137. 

[0152] Further, though the controller 70 used as a control means in the body member unit 53 of the pet robot 51 is 
configured to determine the performance information D2 corresponding to the cover number. in the above described 
cover setting information D1 on the basis of the cover setting information (inherent information) D1 allocated to the 
above described cover unit 52 when the cover unit 52 is fitted over the pet robot 51 in the above described embodiments, 
40 the present invention is not limited to this and control means having various configurations may be used so far as the 
control means is capable of changing motion manifesting patterns on the basis of the cover setting information D1 as 
occasion demands. 

[0153] Further, though the cover setting information D1 includes information about the cover number and the man- 
ufacturing license, the cover setting information may include information related to a type, a form, a material, a mass 

45 distribution, hardness and a heat conductivity of the cover unit as well as information related to an individuality, motions 
and actions of the cover unit. In this case, the controller 70 disposed as control means in the body member unit 53 of 
the pet robot 51 may be configured to determine actions of the pet robot 51 on the basis of only the cover setting 
information D1 read out with the information reading member (information reading means) 75 and drive the actuators 
54AA 1 through 56A M which are required in relation to determined actions and allow the speaker 79 to give sounds as 

so occasion demands. 

[0154] Further, though an individuality is imparted by storing the cover number as the inherent information in the 
above described embodiments, the present invention is not limited by the embodiments and numbers and parameters 
defining a walking pattern, an action pattern and contents of motions suitable for a kind of animal represented by a 
cover (for example, hopping in case of a kangaroo or slow walking in case of a bear) may be stored as the inherent 
55 information dependently on the shapes of covers (for example, a kangaroo, a bear or a rabbit). 

[0155] Further, though the cover side interface member 60 disposed in the cover unit 52 and the main body side 
interface member 58 disposed in the pet robot 51 are used as means for connecting the cover electrically and me- 
chanically to the robot apparatus when the cover is fitted over the robot apparatus in the above described embodiments, 
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the present invention is not limited by the embodiments and other means having various configurations may be used 
so far as the means can impart an individuality to each shape of cover unit 52 and detachably connect the cover to 
the robot apparatus. 

[0156] Further though the information storage member 81 « disposed in the cover unit 52 as the information storing 
means (memory) and the inherent information corresponding to the cover unit 3 is stored in the above described 
information storage member 81 in the above described embodiments, the present invention is not limited by the em- 
bodiments and a characteristic item corresponding to the inherent information (a mark, a bar code, a predetermined 

r^hZf X TTj- 8 Pr0tmt !! n9 hBVing 3 SpeCial ,0m ° r,he like > mav be dis P° sed at * location to connect 
ft'PetrobotSI without d.spos.ng the information storage member 81 inthecoverunrt52sothattheinherentinformation 
™ a „! rTCOg "." ed ^ read,n 9 , the characteristic item at the location to connect the pet robot 51 . Furthermore, as storing 
means, ,n addition to a non-volatile memory which stores the inherent information, a passive element such as a resistor 

as inhe?em infZmioJr inher6m 3 " d 3 ' ight emitting pattem of a N 9 ht emittin 9 °iode (LED) may be used 

E • further, though the connector halves 57A and 59A and engaging mechanism parts 57B and 59B are con- 

ESf-i??? COn u eC,0r P8rt 59 ° f the C0Ver Side interface member 60 and the connector part 57 of the main 

m£ iTSSiT' ' 'f h° tha ! the C ° UP,in9 SenS ° r 80 in the C ° nneCt0r part 57 of the mai " b °°V side "«erface 
member 58 detects a connected condition between the cover unit 52 and the pet robot 51 on the basis of a voltaqe 

value obta.ned by way of the load resistor R2 in the connector part 59 of the cover side interface member 60 and the 

tZTZ TZ k Z mai ? 0 , dy SidS imerfaCe m6mber 58 ,hS 3b0Ve describ6d embodiments, the present inven- 
Z2»n 1* V ?« emb0dlments and ° ther various methods may be used to detect the connected condition 
between the cover unit 52 and the pet robot 51 . 

5 °7 1 ! 8 i .ll P °K S n S J b,e H 0r e t T P ' e ' t0 diSP ° Se 3 diStanCe detectin9 member < not shown > in either *• connector part 
th?lnt m T ?„ dy , S ' de mterfaCe member 58 ° r the connector P art 59 of »» cover sid o interface member 60 so that 
the control er 70 detects a connected condition between the connector parts 57 and 59 on the basis of changes of 

a N a a ht?mtn?H a ir n t° btained K aS ? deteCti ° n r6SU,t ° f the ab ° Ve deSCribed distance detecti "9 member, or to dispose 
iS?h T membef (n0t Sh ° Wn) the Connector bart 57 of the mal " b °dy side interface member 58 so 

?oSZ?I r ? C ° nneCted C ° nditi0n b6,Ween the Connector P arts 57 and 59 ° n the basis of a Nght 
C ^ a " 9e 0bta,ned as a detec,lon result of the above described light amount detecting member. 

th ° U9 V k he C ° ntr0 " er 70 disp ° Sed as informa «°n detecting means in the body member unit 53 of the 
pet robot 5 determines the performance information D2 corresponding to a type of the above described cover unit 52 
on the basis of the cover setting information D1 (inherent information) given from the cover unit 52 and determines 

embo n dim e nt: ? "** '! ™ **• ° f ^ *»" * eSCrib&i perf °™ infomiation 02 the above dSed 
sTwno iTl i„n m TT J S "' mited by thS embodimente a " d to" information included in the cover 
V J 9ed S ° th3t P3rtS ° f the Pet r ° b0t 51 move ,ree ,rom interference due to the cover 
"^: a ^ d ^° nnth9 ^^"fl'^'mattonD1 isjudgedsothatthepetrobotSI moves with good balance 
„n ,2 J« ? °° tS ° f the °° Ver Setting information D1 allocated to each cover unit 52 are not reflected 

Z^LZ hTT- m T at ' 0n °l When the cover side interface member 60 of the cover unit 52 is not connected to 
the mam body side interface member 58 in the body member unit 53 of the pet robot 51 in the cover fitting processing 
SZSU 1 h " " fn thS d6SCribed embodiments; the present invention EESE^ the 

53 of the pel t lobottr 18 C ° l ° main b0dV Side interfaC6 memb6r 58 in the b °0V member unit 

SI n!!rf^ a rt n her^10 / e • tbou9h n tb f information readin9 member 75 disposed as information reading means reads out 

2ln ?ZT m,T °u fr ° m 8 reC ° rding mediUm (n0t Sn0Wn > inserted fram outside and sends out the infor- 
mation to the controller 70 in the body member unit 53 of the pet robot 51 in the above described embodiments the 
present invention ,s not limtted by the embodiments and a receiving device may be used as the informational no 
means to receive and download the performance information D2 transmitted from outside. inf0matl0n read,ng 

(3) Third Embodiment 

(3-1) Configuration of Robot System 120 according to this Embodiment 

[0162] Fig. 1 19 where the same reference numerals are applied to parts corresponding to parts in Fiq 8 shows a oet 
robo system 120 according to a third embodiment. The pet robot system 1 20 has the same configuration asle pe 

wJTSES 8) TV? 3 T r ° b0t 1 21 h3S 3 ' UnCti0n ° f Chan9ing m0ti0ns and acttons a ifte real anima 

from a l^t, " , & ^ SUCh 35 SpUmng and ordere 9 iven * sound commander 

from a user and histories of own actions and motions 

[0163] Concretely speaking, prepared for the pet robot 121 in this pet robot system 120 are four "growth steps" of 
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"baby period," "child period," "young period" and "adult period." Preliminarily stored in a memory 122A (Fig. 19) of a 
controller 122 (Fig. 10) are action and motion models consisting of various kinds of control parameters and control 
programs to be used as bases of actions and motions related to four items of "walking condition,'" "motion," "action" 
and "sound" for each "growth step." 
5 [0164] At an initial stage, the controller 1 22 controls actuators 54AA 1 to 56A M and a sound output according to action 
and motion models for "baby period" so that "walking condition" is made "tottering walk" by narrowing steps, "motion" 
is made "simple" motions like "walk," "stand up" and "lie down," "action" is made a "monotonous" action consisting of 
an identical action which is repeated and "sound" is made a "low and short" sounds by lowering an amplification ratio 
of an audio signal S16. 

10 [0165] At this time, the controller 122 always monitors and counts generation of a plurality of predetermined factors 
related to "growth" (hereinafter referred to as growth factors) such as strengthening learning consisting of order inputs 
using a sound commander, sensor inputs by way of a touch sensor 78 such as "patting" and "striking," and the number 
of successes in predetermined actions and motions, sensor inputs by way of the touch sensor 78 other than "patting" 
and "striking," and predetermined actions and motions such as "playing with a ball." 

15 [01 66] When a total value of accumulative frequencies of the growth factors (hereinafter referred to as a total expe- 
rience value of the growth factors) exceeds a predetermined threshold value, the controller 122 modifies the action 
and motion models for "baby period" into action and motion models for "child period" at a higher growth level (at which 
actions and motions are harder and more complicated) on the basis of the accumulative frequencies of the growth 
factors. 

20 [0167] Thereafter, the controller 122 controls the actuators 54AA^ to 56A M and a sound output from the speaker 79 
according to the action and motion models for "child period" so that "walking condition" is made walking "with a little 
firm steps" by enhancing rotating speeds of the actuators 54AA 1 to 56A M , "motion" is made "a little upgraded and 
complicated" motions by increasing the number of motions, "action" is made a motion "with a little purpose" by deter- 
mining a next action by referring to a preceding action and "sound" is made "a little long and loud" sounds by prolonging 

25 the audio signal S1 6 and enhancing an amplification ratio of the signal. 

[0168] Each time the total experience value of the growth factors exceeds each of a threshold value predetermined 
for each "young period" and "adult period," the controller 122 similarly modifies the action and motion models into 
action and motion models for "young period" or "adult period" at a higher growth level, gradually enhances the rotating 
speeds of the actuators to 56A M , prolongs the audio signal S1 6 according to above described action and motion 

30 models, enhances the amplification ratio of the audio signal S16 to be given to the speaker 79 and changes rotating 
amounts of the actuators 5AAA^ to 56AM for a single motion . 
, [0169] As a result, the pet robot 121 changes stepwise "walking condition" from "tottering walk" to "firm walking," 
changes "motion" from "simple" to "upgraded and complicated," changes "action" from "monotonous" to "action with 
a purpose" and changes "sound" from "low and short" to "long and loud" as the pet robot 121 has ascended "growth 

35 step" (that is, "growth step" changes from "baby period" to "child period," from "child period" to "young period" and from 
"young period" to "adult period"). 

[01 70] The pet robot 1 22 is configured to "grow" at the four steps of "baby period," "child period," "young period" and 
"adult period" dependency on external inputs as well as histories of actions and motions of the pet robot itself as 
described above. 

40 [0171] In case of this embodiment, a plurality of action and motion models are prepared for "growth steps" of "child 
period," "young period" and "adult period" as shown in Fig. 20. 

[0172] Actually prepared as the action and motion models for "child period" are action and motion models (Child 1) 
which provide a "rude" character manifesting quick and rough actions and motions, and action and motion models 
(Child 2) which provide a "gentle" character manifesting smooth and slow actions and motions. 

45 [0173] Furthermore, prepared as action and motion models for "young period" are action and motion models (Young 
1) which provide an "irritated" character manifesting actions ancT motions which are quicker and rougher than those of 
the "rough" character in "child period," action and motion models (Young 2) which provide an "ordinary" character 
manifesting actions and motions slower and smoother than those of the "irritated" character, and action and motion 
models (Young 3) which provide a "gentle" character manifesting actions and motions slower and smaller in amounts 

so than those of the "ordinary" character. 

[0174] Furthermore, prepared as action and motion models for "adult period" are action and motion models (Adult 
1 ) which provide an "aggressive" character manifesting motions quicker and rougher, than those of the "irritated" char- 
acter of "young period" and hardly movable in accordance with user's orders, action and motion models (Adult 2) which 
provides a "little rough" character liable to manifest smoother and slower actions and motions in accordance with user's 

55 orders, action and motion models (Adult 3) which provide a "little gentle" character manifesting smoother and slower 
actions and motions in smaller amounts and always moving in accordance with user's orders, and action and motion 
models (Adult 4) which provide a "gentle" character manifesting much slower actions and motions in smaller amounts 
and always moving in accordance with user's orders. 
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modrf es the used action and motion models w«h the selected action and motion models 9 ^ "* 

(3-2) Processing by Controller 1 22 

Spe "o^ b6 ° f Pr0C6SSin9 WhiCh 18 Perf0med b * the C « r 1 » «* generating actions 

ssssssr- -asss==sss=s: i=:=sr 

[0184] The transition probabilities P. throuqh P for the arcs ARr th m ,l adp 

parameters related to "actions" and sto ed in the me^ 9 ^ pre,,m,nari| y set as c °"trol 
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Instinct model section 131, the action generating mechanism section 133 and the growth step control mechanism 
section 134 of actions for transition to the above described condition as action determining information 022. 
[0186] The action generating mechanism section 133 has, in the memory 122A of the controller 122, various kinds 
of control parameters and necessary control programs for "walking condition," "motion" and "sound" of each action 

5 and motion model correspondingly to each action and motion model at each "growth step" described above. 

[0187] When the action determination information D22 is given from the action determining mechanism section 1 32, 
the action generating mechanism section 133 makes a concrete action plan for executing actions determined by the 
action determining mechanism section 132 on the basis a various kinds of control parameters and necessary control 
programs for the action and motion models preliminarily designated by the growth step control mechanism section 

10 134, out of the various kinds of control parameters and necessary control programs for "walking condition," "motion" 
and "sound" of the action and motion models which are stored in the memory 122A. The action plan is calculated 
actually as numerical values representing the number of rotations of the actuators 54AA^ through 56A M which are 
required to execute the action. 

[0188] The action generating mechanism section 1 33 generates a control signal S20 for the required actuators 
15 through 56A M on the basis of this driving plan, and drives and controls corresponding actuators 54AA 1 through 56A M 
on the basis of. the control signal S20, thereby allowing the pet robot 121 to execute the actions determined by the 
action determining mechanism section 131 . 

[0189] When the condition recognizing mechanism section 130 recognizes some condition on the basis of the audio 
signal S10, the image signal S11 , the pressure detection signal S12, the battery residual amount detection signal S13 

20 and the heat detection signal S1 4 which are given from the microphone 76, the CCD camera 77, the touch sensor 28, 
the battery sensor 72 and the heat sensor 73, the condition recognizing mechanism section 130 informs the growth 
step control mechanism section 134 of the condition as condition recognition information D23. 
[0190] The condition given from the condition recognizing mechanism section 1 30 to the growth step control mech- 
anism section 134 is not only the specific conditions which are.supplied to the action determining mechanism section 

25 132 as described above but also inputs using the touch sensor 78 which do not correspond to "patting" or "striking." 
[0191] Further, the growth step control mechanism section 134 has, in the memory 122A, a list (hereinafter referred 
to as a first growth factor list) 135A of the above described growth factors which are to be used as reference factors 
for enhancing "growth step" out of various kinds of conditions based on the condition recognition information D23 given 
from the condition recognizing mechanism section 131 as shown in Fig. 23(A) and a countertable (hereinafter referred 

30 to as a first growth factor countertable) 136A such as that shown in Fig. 23(B) for counting accumulative frequencies 
of the growth factors. 

[0192] When the condition recognition information D23 is given from the condition recognizing mechanism section 
130, the growth step control mechanism section 1 34 judges on the basis of the first growth factor list 135A whether or 
not a condition obtained on the basis of the condition recognition information D23 is a growth factor, and when the 
35 above described condition is a growth factor, the growth step control mechanism section 1 34 increases a corresponding 
count value (experience value) by one in the first growth factor countertable 1 36A. 

[0193] Further, the growth step control mechanism section 134 has, in the memory 122A, a list (hereinafter referred 
to as a second growth factor list) 135B of the above described growth factors which are to be used as reference factors 
for enhancing "growth step" as to actions obtained on the basis of the action determination information D22 given from 
40 the action determining mechanism section 132 as described above as shown in Fig, 24(A) and a countertable (here- 
inafter referred to as a second growth factor countertable) 136B such as that shown in Fig. 24(B) for counting accu- 
mulative frequencies of these growth factors. 

[0194] When the action determination information D22 is given from the action determining mechanism section 132, 
the growth step control mechanism section 134 judges on the basis of the second growth factor list 135B whether or 

45 not the actions obtained on the basis of the above described condition recognition information D20 is a growth factor, 
and when the above described action is a growth factor, the growth step control mechanism section 1 34 increases a 
corresponding count value (experience value) by one in the second growth factor countertable 136B. 
[01 95] When the count value is increased in the first or second growth factor countertable 1 36A or 1 36B as described 
above, the growth step control mechanism section 1 34 increases a count value by one in a counter (hereinafter referred 

50 to as a total experience value counter) provided separately from the first and second growth factor countertables 136A 
and 136B forjudging whether or not "growth step" is to be enhanced and then judges whether or not a count value of 
the total experience value counter has reached a count value preliminarily set as a condition to terminate a current 
"growth step." 

[0196] When the count value of the total experience value counter has reached the count value preliminarily set as 
55 the condition to terminate the current "growth step," the growth step control mechanism section 1 34 determines action 
and motion models at a next "growth step" to which transition is to be made from the current action and motion models 
on the basis of count values in the first and second growth factor countertables 1 36A and 1 36B, and informs the action 
determining mechanism section 1 32 and the action generating mechanism section 133 of the determination result. At 
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(3-3) Growth Step Control Processing Procedure RT2 

conS p^uT^rstfp ^aSoefwrr ' Pr ° CeS f 9 meChaniSm SeCti0 " 134 StartS tha -P 

teaming mechantemsect^ m1 TT 022 h3S b6en 9iVe " fr0m the ac,ion de - 

anism section 1 34 returns to the steo S J 2 1 an I ! , Tf a " he St6p SP22 ' the 9 rowth ste P contr °< ™»ch- 

obtained at the step SP 21 o, SpS P ^ SP21 - SP22 - sp 21 until an affirmative result is 

[0203] When the affirmative result is obtained at the sten <?P?1 th* nm ..*h ». , , 

proceeds to steD SP23 and u,Hn^ «, P ' 9rowth s,e P contro1 mechanism section 134 

result is obtained and increased mechan,sm sectlon 134 proceeds to step SP24 when an affirmative 

the total experienced^ " ^ ^ 135A Md 3 C ° Unt Va ' Ue 

^nditfonofacurmnt-growThstep^ acountval "e which is preliminarily set as a terminating 

is obtained, determines action and . !. ° P GdS l ° Step SP26 when an af f^ative result 
shifted, informs the S^'C^^^lSS JET** "« ^ ™™* ~ 

the determination result, and returns to th^step SP^ 9enera, ' n9 mechanfem sec «°n 133 of 

E ds :^ *T step contro1 mechanism — " 134 

aXVs^ 1 34 * » a step SP21 when a negative result is obtained 

result is 

the total experience value counter TJ on ? ! * 9r0Wth f8Ct ° r ' iSt 1358 and a 00unt value h 

to those wh'ch have been ZSlJKi^* - * PWK " 9 * * ^ SP25 3nd 6Xecu,es similar 



to those which have been described above. 
(3-4) Operations and Effects of Third Embodiment 
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cover setting information D1 is read out from the information reading member 75 in the body member unit 53 when an 
affirmative result Is obtained. 

[0210] As a result, the pet robot 121 is capable of changing, transition rates of action and motion models at "growth 
step" of the pet robot 121 in an individual style in a predetermined changing condition determined on the basis of the 
5 performance information D2 when user's spurring or an external stimulus is given while the pet robot 121 is acting 
autonomously. 

[0211 J The transition rate of the action and motion model at "growth step" is lower than usual when the cover unit 
52 has a childish appearance like that of an animation character or a cherished stuffed toy, whereas the transition rate 
of the action and motion models at "growth step" is higher than usual when the cover unit 52 has an intelligent appear- 

10 ance like that of a police dog. 

[0212] As a result, the pet robot 121 can act and move as if it were a real animal which stays in "baby period" and 
"child period" for rather a long time in case of a cover unit 52 manifesting a childish appearance, whereas the pet robot 
121 is capable of acting and moving as if it were a real animal which is at a process of "young period" or "adult period" 
soon reached in case of a cover unit 52 manifesting an intelligent appearance. 

15 [0213] The configuration described above makes it possible to realize the robot system having a remarkably en- 
hanced amusement property, because the information storage member 81 which stores the cover setting information 
D1 related to the above described cover unit 52 is disposed in the cover unit 52, the performance information D2 
suitable for the above described cover setting information D1 is selectively read out of the performance information 
D2 set for a type of the cover unit 53 with the information reading member 75 in the body member unit 53 when the 

20 above described cover unit 52 is fitted over the pet robot 121 , and an upgrading rate of a growth step of the pet robot 
121 is changed in a predetermined changing condition determined. on the basis of the above described performance 
information D2 so that the performance information D2 is reflected on making actual motions and actions of the pet 
robot 121 in individual styles. 

25 (3-5) Other Embodiments 

[0214] Note that, in the aforementioned embodiment, through the present invention is applied to the robot system 
1 20 which comprises the pet robot 121 using the growth models as shown in Fig, 20, the present invention is not limited 
thereto and may be applied to other kinds of robot system which comprises a robot apparatus using other type of 
30 growth models. 

[0215] Further, in the aforementioned embodiment, though the growing speed is changed in accordance with the 
appearance of the cover unit 53, the present invention is not limited thereto and growth models may be changed 
dependency on the appearance of the cover unit 53. 

35 (4) Fourth Embodiment 

(4-1) Configuration of Robot System in This Embodiment 

[0216] In Fig. 27, reference numeral 140 represents a pet robot system as a whole in this embodiment which is 
40 configured to cover a whole surface of a pet robot 141 with a predetermined cover part (hereinafter referred to as a 
cover unit) 142 by detachably fitting the cover unit 142 over the above described pet robot 141 . 
[0217] The pet robot 141 is actually composed by coupling leg member units 144A through 144D with front right, 
front left, rear right, rear left portions of a body member unit 143, and connecting a head member unit 145 and a tail 
member unit 146 to a front end and a rear end of the body member unit 143. 
45 [0218] A cooling fan (not shown) is disposed in the body member unit 143, and an air exhaust port 143AX and an 
air suction port 143BX (Fig. 2) are formed in a top surface 143A and a bottom surface 1 43B so as to be placed under 
and above the cooling fan . Accordingly, the pet robot 1 41 is configured to be capable of lowering an internal temperature 
of the above described body member unit 143 by exhausting air sucked from the air suction port 143BX, through the 
body member unit 143 from the air exhaust port 143AX to outside as the cooling fan is driven. 
so [0219] Furthermore, disposed on a bottom surface 143B of the body member unit 143 is an interface member (here- 
inafter referred to as a main body side interface member) 148 on which a connector part 1 47 is composed of a connector 
half 147A and an engaging mechanism part 147B as shown in Fig. 28. 

[0220] On the other hand, as shown in Fig .27, the cover unit 142 is formed by a cover main body 142A made of 
synthetic fibers resembling a surface skin of a real dog, and disposed at a predetermined location on the back surface 
55 of the above described cover main body 142A is an interface member (hereinafter referred to as a cover side interface 
member) 150 on which a connector part 149 is composed of a connector half 149A and an engaging mechanism part 
149B so as to fit the connector half 147A and the engaging mechanism part 147B of the main body side interface 
member 148 disposed on the body member unit 143. 
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(4-2) Concrete Configurations of Pet Robot 141 and Cover Unit 142 

[0222] In a robot system 1 shown in Fig. 29, accommodated in a body member unit 143 of a net robot 1141 aro . 

SI c unl ino WhiCh T** m0ti ° nS °' thS P6t r ° b0t 141 • ,he main b °<* side *teSe membe 48 wh ch c LsTsts 
of a coupl.ng sensor 161 and a connector part 147, an information reading member 162 which radio* conS ™ 
grams stored m a recording medium (not shown) which is to be inserted from outside an acSeS sensed an 
ST t° e C l Se , nS °; 1 M 3 (n ° l Sh ° Wn) WhiCh fUnCti0ns as a — for th^Tpet roboM e 

Ed£r~ 

SS n f " reSUlt 88 8n a ° 9Ular V6l0City deteCti0n Si 9" al 331 t0 th * broiler ^0 m "" SeC ° ndS a " d 
W a cS^T^T^- '°f ati ° nS iP thS h6ad memb6r Unit 145 are a Microphone 1 65 which is used as 
^s^Z^SS^^^ fe - 88 a — — - 7( a touch sensor 

S ™h ™ Cr ° ph0ne I 65 in * e head ™"*er 145 gathers order sounds such as "walk," "lie down" or "chase 
LunLt ^ , 9,Ven m ° m , ° f mUSi ° al SCa ' eS fr0m a user with a sound commander (a commander whteh gives 

S2 the'comroie? S^TJ f " P " " & ^ M ™ and Sends ° ut the obtai "<* '^ge signal 
Stance to e rom oSt \ h ? SenS ° r ' 6? C ° mP ° Sed °' a " infrared distance sensor or the »** ^asures 
adjstancetoafront object and sends out a measurement result as a distance measurement signal S34 to the controller 

£S,nr?c rthemi0re ; t, ! J V 0UCh S6nS0r 168 is disp0Sed on the head member 145 as apparent from Fig 27 and 
Eh iSSTlS'S"*? liij* 1 ""° USh ,44AA «' 144BA ' 144BA « "«CA, through 144CA. 144DA, 
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[0233] At this time, the controller 160 gives a predetermined audio signal S37 to the speaker 169 as occasion de- 
mands, thereby allowing the speaker to output sounds based on the audio signal S37 to.outside, and turns on or off 
or flickers LEDs (light emitting diode) (not shown) which are disposed at locations of "eyes" of the pet robot 141 . 
[0234] In this way, the pet robot 141 is capable of acting autonomously on the basis of surrounding conditions, the 

5 control programs and the like. 

[0235] In the cover unit 142, on the other hand, the cover side interface member 150 which is built in a cover main 
body 142A is composed of an information storage member 173 and the above described connector part 149, and the 
above mentioned connector part 1 49 is composed of the connector half 1 49A and the engaging mechanism part 1 49B. 
The engaging mechanism part 149B in the cover side interface member 150 is configured so as to detachably engage 

10 with the engaging mechanism part 147B in the main body side interface member 148. 

[0236] The information storage member 1 73 in the cover side interface member 150 is composed, for example, of 
a non-volatile memory such as a ROM (random access memory) in which information, representing a manufacturer's 
ID, information representing a manufacturing license such as a product ID and a lot number determined by a manu- 
facturer, setting information such as enciphered information for authenticating the cover unit (hereinafter referred to 

is as cover setting information) D1 are stored preliminarily for each cover number allocated to each kind of the cover unit 
142. 

[0237] Furthermore, program information for determining performance of the pet robot 141 (hereinafter referred to 
as performance information) D31 and information representing a mass distribution of each cover (hereinafter referred 
to as mass distribution information) D32 which are set for each cover number described above according to contents 
20 of the cover setting information D30 are stored preliminarily in a recording medium to be inserted into the information 
reading member 162 disposed in the body member unit 143. 

[0238] Furthermore, information related to a barycenter location of the pet robot in a standard posture of standing 
with all four legs stretched with no cover fitted (hereinafter referred to as initial barycenter location information) D33 is 
preliminarily stored in the information reading member 162. 
25 [0239] When the cover side interface member 150 is coupled with the main body side interface member 148, the 
connector half 1 49A and the engaging mechanism part 1 49B disposed on the connector part 1 49 of the above described 
cover side interface member 1 50 are connected electrically and mechanically to the connector half 1 47A and engaging 
mechanism part 147B respectively, which are disposed on the connector part 147 of the main body side interface 
member 148. 

30 [0240] Concretely speaking, the main body side interface member 1 48 and the cover side interface member 1 50 are 
configured as shown in Fig. 30. 

[0241] In the main body side interface member 148, connecting terminals A1 to A4 for a grounding line L1 , a power 
source line L2, a measurement line L3 and a signal tine L4 are exposed on the connector half 147A of the connector 
part 147, and an end of a load resistor R1 which has the other end connected to ground is connected between the 

35 connecting terminal A3 and the coupling sensor 1 61 on the measurement line L3. 

[0242] In the cover side interface member 150, connecting terminals A5 to A8 for a ground line L5, a power source 
line L6, a measurement line L7 and a signal line L8 are exposed on the connector part 149, a load resistor R2 is 
disposed on the measurement line L7 which is drawn from the power source line L6, and ends of the above described 
load resistor R2 are connected to the information storage member 1 71 and the connecting terminal A7. 

40 [0243] When the connector half 149A disposed on the connector part 149 of the cover side interface member 150 
is actually connected to the connector half 147A disposed on the connector part 147 of the main body side interface 
member 148, the connecting terminals A1 to A4 for the ground line L1, the power source line L2, the measurement 
line L3 and the signal line L4 on the connector half 1 47A are brought into contact with and conductive to the connecting 
terminals A5 to A8 for the corresponding lines L5 to L8 on the connector half 149A. 

45 [0244] At this time, the coupling sensor 1 61 in the main body side interface member 148 detects a voltage value of 
the load resistor R2 on the measurement line L7 connected to the power source line L6 by way of the connector halves 
149A and 147A conductive to each other, between the cover side interface member 150 and the main body side 
interface member 1 48, thereby judging a coupling condition of the main body side interface member 148 with the cover 
side interface member 150 (an "H" level in a coupling condition or an "L" level in a separated condition). 

so [0245] As a result, the controller 1 60 reads out the cover setting information D30 stored in the information storage 
member 173 in the cover side interface member 150 only when the detection result of the coupling sensor 161 is 
affirmative, reads out the performance Information D31 from the recording medium inserted into the information reading 
member 1 62 in the body member unit 1 43 on the basis of the above described cover setting information D30, determines 
an action of the pet robot 1 41 on the above described performance information D31 , and drives the actuators 1 44AA 1 

55 to 146A M which are required for the determined action, thereby allowing the speaker 169 to output sounds as occasion 
demands. 

[0246] As described above, when the cover unit 142 is fitted, the pet robot 141 is capable of autonomously changing 
actions with the individuality according to the cover setting information D30 stored in the information storage member 
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Ml i r,l e H?n V , e h ' e Side i ^ erface " lember 150 ° f the «bove described cover unit 142 and the performance information 

uni £Z hi ha M," 9 T d ' Um WhiCh iS read ° Ut With the information readi "9 m ^ber °62 in the body member 
unit 1 43 on the basis of the above described cover setting information D30 

J addi,i ° n t0 , th ! COnfiguration described abov e, the controller 1 60 corrects, at a stage to allow the pet robot 

pa to!l^Z°T, barvcente [ of the pet robot 141 (that fe - ™ difies standard 

EloS=~~ 

rnZlr £ £ th tr °' Pr ° 9ram deSCnbed With 22 Parameters which are stored in the information reading 

member 22 of the body member unit 1 43 as shown in Fig 31 lng 

S m ? 6Se P f T.!"? C ° nSiSt °' ? arameters for determining a standard walking posture, parameters for deter- 

[0250] First, a center coordinate is set in the body member unit 143 of the dpi rnhnt 141 in fl *t Q ^ ~, 
standing with all the four legs stretched, as shown inW 32. v/hel Sn te U iSSSTSSS 

coordinate system the pet robot stoops with the leg member units 144A through 144D bent in a stend^ S nn 

Cent6r C0 ° rdina,e ^ in an UP " d ° Wn d ^ ction and a ack 
the absolute coordmate system. Values of movements are controlled with parameters of "body center x" and "bod? 

EL JlSflS* r' kin9 P ° StUre ' the b0dy member unit 143 is not on| V tra nslated but also inclined forward or 
backward and this inclination is controlled with a parameter of "body pitch." Furthermore, gmuiKlnq^wSil 

umb^nT" 144A thr °" 9h 1440 alS ° inf ' UenCe Walking in the standa ' d wa.king „££ " orteHo S££ 
Ts^Zu^^^^ 

[0252] Furthermore, offsets in the back-forth direction of the front leg member units 144A 144B and the ™r i«, 
[0253] On the other hand, control parameters used to control movements of the lea member units thr ft „„h 

271 InH?h 9 | mUlti " iS *- Paramet6r WhiCh r6preSentS 8 rati ° 0f 8 9 roundin 9 time to a swinging-leg time at one cycle 
Si^SoElE C °T IS tha9r0Unding time and Ringing-leg time of eachoffre le "mlberSs 

— — j . „ issKSKssar skse" 

gain=gmin+(gmax-gmin) x (1 -sin(leg phase-shift)) (1 ) 
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leg member unit 144D, taking the right front leg member unit 144A as a standard, as shown In Figs. 34 and 35, and 
the ratios In case of the static walking (crawl walking style), a quasi-walking and the dynamic walking (trot walking 
style) are shown in Fig. 35(A), 35(B) and 35(C) respectively. 

[0260] When loads imposed on grounding locations of the left, right front leg member units and the left, right rear 
leg member units 1 44A through 1 44D and direction vectors around the above described center coordinate of the pet 
robot 141 in the standard posture of standing with all the four legs stretched and with the cover unit 1 42 not fitted are 
represented by m FL , m FR , m RL) m RR and r FL , r FR , r RL , r RR respectively as shown in Fig. 36(A), a vector representing 
a barycenter of the pet robot 1 41 is expressed by the following equation: 

R = m FR * r FR + m FL * r FL + m RR * r RR + m RL * r RL (2) 

0 m FR + m FL + m RR + m RL 



[0261] When a mass of the cover unit 142 is represented by M as shown in Fig. 36(B), loads m FL \ m FR \ m RL ' and 
is m RR ' imposed on the grounding locations of the left front, right front, left rear, right rear leg member units 144A through 
144D with the cover unit 142 fitted over the pet robot 141 are in relationship expressed by the.following equation: 



(mF^+mpn'+mRL'+mnR') =M+(m FL +m FR +m RL +m RR ) (3) 

[0262] Accordingly, a vector representing the barycenter location of the pet robot 1 41 with the cover unit 1 42 fitted 
is expressed by the following equation: 

25 p m FR * r FR + m FL * r FL + m RR * r RR + m RL * r RL (4) 

1 m FR + m FL + m RR + m RL 

[0263] Accordingly, an error vector E of the barycenter location of the pet robot 1 41 before and after fitting the cover 
unit 142 is expressed by the following equation: 



E=R 1 -R 0 (5) 



[0264] By modifying the above described parameters related to walking so as to zero a value of the error vector E, 
35 the pet robot 141 can walk with good balance after the cover unit 142 is fitted, like the pet robot 141 before the cover 
unit 142 is fitted. 

[0265] For example, in case of the error vector E = (0, 0, 5), that is, when the barycenter location of the pet robot 
141 is shifted by 5 millimeters in a direction of the Z-axis after fitting the cover unit 142, walking can be controlled so 
as to be stable by modifying the parameters ("body center z," "front legs z" and "rear legs z") related to walking. 



(4-2) Calibration Processing Procedure RT3 at Cover Fitting Time 



[0266] When the cover unit 142 is actually fitted, the controller 1 60 in the pet robot 141 actually enters a calibration 
processing sequence RT3 shown in Fig. 11 from step SP30, and while monitoring a state detected by the coupling 

45 sensor 1 61 in the main body side interface member 1 48 of the body member unit 1 43 at successive step SP31 , proceeds 
to step SP32 and judges whether or not the cover side interface member 1 50 in the cover unit 142 has been connected 
electrically and structurally, on the basis of a result detected by the above described coupling sensor 161 . 
[0267] At this step SP32, the controller 1 60 waits until an affirmative result is obtained, proceeds to step SP33, reads 
out the cover setting information D30 from the information storage member 173 in the cover side interface member 

50 150 of the cover unit 142, proceeds to successive step SP34 and extracts a cover number included in the above 
described cover setting information D30. 

[0268] Successively, the controller 1 60 reads out the mass distribution information D32 corresponding to the above 
described cover number from the information reading member 162 in the body member unit 143 and reads out the 
initial barycenter location information D33 set in the pet robot 141 at step SP35, and then proceeds to step SP36. 
55 [0269] At this step SP36, the controller 1 60 calculates information related to the barycenter location of the pet robot 
141 in the standard posture of standing with the cover unit 142 fitted and with all the four legs stretched (hereinafter 
referred to simply as barycenter location information) on the basis of the mass distribution information D32 and the 
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Initial barycenter location information D33 and proceeds to step SP37 

Son oHheLTroS? 6 ' 1 3 ? f ""^ reSUlt iS ° b,ained at the ste P 836 which Indteates that the barycenter 

r02731 Wh2 « Z 7 ,f T ° f 3b0Ve deSCnbed initial bar V center locatio " inf °™ti 0 n °33. 
[0275] When an affirmative result is obtained at the step SP40 .which indicates that all th* JcL^rrt ™ , 
(4-3) Operations and Effects of Fourth Embodiment 
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(5) Fifth Embodiment 

(5-1) Configuration of Robot System 180 in Fifth Embodiment 

5 [0280] Fig. 38 in which the same reference numerals are applied to parts corresponding to those in Fig. 27 shows 
a robot system 1 80 in the fifth embodiment. A pet robot 1 81 is configured as in the fourth embodiment described above, 
except that the mass distribution information D32 of cover units 142 is not stored for each cover number of the cover 
units 142 in a recording medium which is to be inserted into an information reading member 162 (Fig. 28) disposed in 
a body member unit 143 of the pet robot 181 and the aforementioned calibration processing is performed without the 

10 mass distribution information D32 of the pet robot 1 41 . 

(5-2) Calibration Processing Procedure RT2 at Cover Fitting Time 

[0281] When the cover unit 142 is actually fitted, a controller 182 (Fig. 29) in the pet robot 181 enters the calibration 
15 processing procedure RT4 shown Fig. 39 from step SP50, and at successive step SP51 , the controller 1 82 analyzes 
an acceleration detection signal S30, an angular velocity detection signal S31, an image signal S33 and a distance 
measurement signal S34 which are supplied from an acceleration sensor 163, an angular velocity sensor 164, a CCD 
camera 1 66 and a distance sensor 1 67 respectively while allowing the pet robot 1 81 to execute standard postures and 
standard motions based on the performance information D31 for a fixed period of time. 
20 [0282] Successively, the controller 1 82 proceeds to step SP52, reads initial barycenter location information D33 set 
in the pet robot 1 81 from the information reading member 1 62 in the body member unit 1 43 and proceeds to step SP53. 
[0283] At this step SP53, the controller 1 82 judges whether or not balance states in the standard postures and the 
standard motions based on the performance information D31 satisfy predetermined standard values, on the basis of 
analysis results of the detection signals S30, S31, S33 and S34 obtained from the sensors 163, 164, 166 and 167, In 
25 this case, each standard value is calculated by the controller 1 82 for each of the standard postures and the standard 
motions on the basis of the above described initial barycenter location information D33. 

[0284] When a negative result is obtained at this step SP53 which indicates that a posture and/or a motion which 
does not satisfy the standard value exists among the standard postures and the standard motions based on the per- 
formance information D31 , the controller 1 82 proceeds to step SP54, calculates an error of the posture and/or the 
30 action which does not satisfy the above described standard values and proceeds to step SP55. 

[0285] At this step SP55, the controller 1 82 corrects the error of the posture and/or the motion which does not satisfy 
the standard values, returns once again to the step SP51 and repeats correction processing by calibration similar to 
that described above. 

[0286] When an affirmative result is obtained at the step SP53, on the other hand, which indicates that the standard 
35 values are satisfied by all the standard postures and the standard motions based on the performance information D31 , 
the controller 182 proceeds directly to step SP56 to terminate the above described calibration processing procedure 
RT4. 

[0287] Thereafter, the controller 1 82 is capable of allowing the pet robot 1 81 with the cover unit 1 42 fitted to execute 
autonomous actions and motions on the basis of the performance information D31 while balancing in a state which is 
40 the same as those before fitting the above described cover unit 142. 

(5-3) Operations and Effects of Fifth Embodiment 

[0288] The pet robot system 1 80 having the above described configuration is configured to, when a user fits a desired 
45 cover unit 1 42 over the pet robot 1 81 , compare postures and motions of the pet robot 181 with those before fitting the 
cover unit 142 while allowing the pet robot 1 81 to take the standard postures and the standard motions based on the 
performance information D31 and to correct an error if there is the error, thereby being capable of allowing the pet 
robot 181 to act and move autonomously with good balance after the cover unit 2 is fitted as before fitting the cover 
unit 142 even when the barycenter location of the pet robot 181 is changed after fitting the cover unit 142. 
so [0289] As a result, the pet robot system 1 80 makes it possible to easily apply a cover unit 1 42 having various mass 
distributions to the pet robot 1 81 . 

[0290] Furthermore, even a cover unit which is newly manufactured can easily be adapted to the pet robot 1 81 since 
it is unnecessary to preliminarily store information related to a mass distribution for each cover unit in the information 
reading member 162 in the body member unit 143. 
55 [0291] The pet robot system 1 80 having the above described configuration is configured to calculate an error of a 
barycenter location of the pet robot 181 from that before fitting the cover unit 142 while allowing the pet robot 181 to 
take the standard postures and the standard motions, and correct the error (that is, perform the correction by calibration) 
after the cover unit 142 is fitted, thereby being capable of preventing actions and motions of the pet robot 181 from 
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being unbalanced even when the cover units 3 having various mass distributions are fitted and making it possible to 



(5-4) Other Embodiments 



0292] Note that though the present invention is applied to the quadruped walking type pet robot 1 41 1 81 as shown 
m Fg. 27 m the above described embodiment, the present invention is not limited by me embodied and is wS 
applicable to robot apparatuses having other various configurations so far as the robot appara uTes have moTable 
members which manifests predetermined actions. waives nave movaDie 

hZZH , r Urth fu th ° U9 H °° Ver Unit 1 42 Which is com P° sed of cover main body 1 42A made of synthetic fibers 
shown in TZIT T T ^ T ] ** fe ^ 38 ,hS C0V6r d6taChab ^ '^overthe pet robot 41 181 « 
™ h 9 h Z u a ^° V6 deSCnbed embodimenls . present invention is not limited by the embodiment and a 
cover of which the shape looks like a surface skin of another animal (cat, raccoon dog, horse monke7mano? he Ike) 

rS, 6 71 T r'° US ° f materia ' S (fUr ' t6Xti,e ' C6ramic ' » ic ™* metal and so onT 
ha, L„ S ' 5 3 T 6 ' ma ' n b0dy memb6r 1 42A Composed of a one -P iece m °'ding of synthe ic fibers which 
unft 142 Z ™ r t Sk ' n ° f *? animal iS aPP ' ied 88 the °° ver main bod * member 1 imposing the cover 
shown) corresponding to portions of the pet robot 141 may be disposed separately. In this case a pluralHf cove 

TIT ° f 9 T IT"? 3 b0dy m6mben 169 memb6rS and Shank memb -- ™ *^ovl dSi cove 
£f« t r e ?r m 50 ' S d,SP ° Sed in the b0dy member Various kinds of material in addition to metal (syn^etfe 

2951 FuT/^Z^ TTIlf" ° r " ke) ^ be WidS,y US6d aS materials f °' cover parts 
S ! 9h thC C0ntr0 " 6r 16 °' 182 disposed in the bod V member unrt 143 of the pet robot 141 181 as 
T meS < Perf0miance informa t i °" con-esponding to the cover number included in the above 

atoveteore^^ 

be chinnL^ tH t n L* " m ' ted by thS embodiments end contents of the performance information D31 may 

be changed on the basis of the cover setting information D30 V 

thfS n r Ur ! her " th ,° U9h description has b een made of a case in which information representing the cover number and 

38 C ° Ver Settin9 inf0,mati0n D30 ' ,he COVer settin 9 formation may ?ncue 
n ? klnd, 3 ,0nT1, 3 material ' 3 mass ^button, hardness and a heat conductivity as well a! 

£Z£ ?«n to f h n individua,ft y- motions and ^iens of the above described cover unit 142 Vn *m£?Z 

obo 14 Z ZZ TJ:T TT P6t r ° b0t 141 ■ 181 may be C ° n,i9ured t0 dete - ine -t-s of "he pel 
65 U drivl h! , t M/! V 6 Coversettin 9 information D31 read out with the information reading member 

^^fiSEZ?* U6Am WhiCh arS r6qUired f0r ,h6 dete ™ ed "««» a " d to a -owThe 

speaKer l b9 to give sounds as occasion demands. 

[0297] Further, though the cover side interface member 150 and the main body side interface member 148 are 
configured as a means for connecting the cover unit 142 to the pet robot 141, isoelectric! -and sTucturall when 

123! ,I h ° U9h information storaae member 173 is disposed in the cover unit 142 and inherent information alio- 

thpl?, Inn , S d6 ' and S6ndS 11 10 the controller 160 - 1 82 - hoover, the present invention is not lim ted 

ITcLr^Tf' ^ aforementi o ned f0 "rth and fifth embodiments, though the controller 182 which is disposed as 
the contro. means ,n the pet robot 141 , 181 judges, on the basis of the analyst results of the detection signaT^ 
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S31 , S33 and S34 obtained from the acceleration sensor 1 63, the angular velocity sensor 1 64, the CCD camera 1 66 
and the distance sensor 167 which are disposed as an error detection means, whether or not the standard values 
determined on the basis o'f the initial barycenter location information D33 are satisfied by the standard postures and 
the standard motions, while allowing the pet robot 1 41 , 1 81 to execute the standard postures and the standard motions 
5 based on the performance information D31 f on the basis of cover setting information D30 given from the cover unit 
142, the present invention is not limited by the embodiments and control means having other various configurations 
may be used so far as the controller 1 60, 1 82 is capable of detecting amounts of influences on actions of the component 
units (movable members) 143 through 146 due to the cover unit 142. 

[0301] In this case, though the amounts of Influences on actions of the component units (movable members) 143 to 

10 146 due to the cover unit 142 are calculated as the control error between before and after fitting the cover unit 142 
using the above described sensors 163, 164, 166 and 167 and then the above described errors are corrected, the 
present invention is not limited by the embodiments and amounts of influences on motions of the component units 
(movable members) 143 through 146 after fitting the cover unit 142 may be detected using various kinds of sensors, 
for example, the potentiometers 170AA! through 172^ and the touch sensor 168. 

15 [0302] Further, in the aforementioned fourth and fifth embodiments, though the standard values for the standard 
postures and the standard motions based on the performance information D31 are set by the controller 160, 182 
disposed as control means, on the basis of the initial barycenter location information D33 set in the pet robot 141, 181 , 
the present invention is not limited by the embodiments and standard values for the standard postures and the standard 
motions based on the performance information D31 may be preliminarily set for each cover unit 142. 

20 [0303] Further, in the aforementioned fourth and fifth embodiments, though the mass distribution information D32 
included in the cover setting information D30 is judged on the basis of the initial barycenter location information D33 
to move the pet robot 141 , 182 with good balance, the present invention is not limited thereto and each unit of the pet 
robot 141 , 181 may be moved without influence due to the cover unit 142 by judging information about the forms of 
the entire pet robot 141 , 181 and each unit, the movable range of each actuator 144AA 1 to 146A M , the link length, and 

25 the restricted degree of freedom, as long as when the cover unit 1 42 is fitted over the pet robot 141,181, the controller 
1 60, 1 82 as control means drives each component unit (movable members) 1 43 to 1 46 to detect the amount of influence 
on motions after fitting the cover unit 142 and the motion manifesting pattern can be changed based on the detection 
result when occasion demands. 

[0304] In this case, after the cover unit 1 42 is fitted, the controller 1 60, 1 82 may calculate the movable range of each 
30 actuator 1 44AA 1 to 1 46A M on the basis of the detection result of degrees of the corresponding potentiometers 1 70AA 1 
to 172Am while allowing the pet robot 141 , 1 81 to execute the standard postures and the standard motions and each 
actuator 144AAi to 146AM may be moved within the movable range. 

[0305] Further, the pet robot 141 , 1 81 may be moved with good balance and each cover unit of the pet robot 141 , 
181 may be moved without influence due to a cover unit 142 by judging information about moment of inertia of each 

35 leg member unit 144A to 144D, focus characteristics and field degree of vision of the CDD camera 166, listening 
characteristics of the microphone 1 65, and touching characteristics of the touch sensor 1 68. 
[0306] Further, in the aforementioned fourth and fifth embodiments, though the controller 160, 182 in the body mem- 
ber unit 143 is used as a control means for driving the actuators (movable members) 1 44AA 1 to 146A M so that the pet 
robot 141 , 181 is in a predetermined posture and motion (motion pattern and walking pattern) when the cover unit 142 

40 is fitter over the pet robot 141 , 181, the present invention is not limited thereto and the control means having other 
various configuration may be used as far as it can make the pet robot 141, 181 execute the predetermined postures 
and/or motions. 

(6) Sixth Embodiment 

45 

(6-1) Configuration of Robot System in this Embodiment 

[0307] In Fig. 40, a reference numeral 1 90 shows a robot system as a whole in this embodiment and this system is 
composed of a robot body 1 91 and a cover unit 1 92 which is to be attached to the robot body 191. 
so [0308] In the robot body 1 91 , leg member units 1 94A to 1 94D are connected to the front right, front left, rear right, 
and rear left of a body member unit 1 93 and a head member unit 1 95 is connected to the front end of the body member 
unit 193. 

[0309] In this case, the body member unit 1 93 contains a controller 200 which controls the entire motions of the robot 
body 1 91 , a battery 201 which is a power supply to the robot body 1 91 , and an internal sensor member 204 which is 
55 composed of a battery sensor 202 and a heat sensor 203. 

[0310] In addition, disposed at the head member unit 195 are a CDD camera 205 which is used as actual "eyes" of 
the robot body 1 91 , a microphone 206 which is used as "ears", an external sensor member 209 which is composed of 
a touch sensor 207 and a distance sensor 208, a speaker which is used as a "mouth" and so on. 
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[0311] Further, actuators 211, to 211 n having the degrees of freedom are disposed in joint parts of the leg member 
units 194A to 1940, the coupled parts of the leg member unit 1 94A to 194D with the body member unit 193 and a 
coupled part of the head member unit 1 95 with the body member unit 1 93. 

[0312] The CDD camera 205 of the head member unit 1 95 photographs a surrounding situation and sends it out to 
the controller 200. The microphone 206 gathers order sounds such as "walk", "lie down", and "chase a ball" which are 
given from a user in the form of sound scales with a sound commander (not shown), and sends out the obtained audio 
signal S40B to the controller 200. 

[0313] The touch sensor 207 is disposed on the top of the head member unit 1 95 as can be seen from Fig 40 to 
detect pressures which is received from a user by physical.spurring such as "patting" and "striking", and sends out the 
detection result as a pressure detection signal S40C to the controller 200. The distance sensor 208 measures a distance 
to a front object, and sends out the measurement result as a distance measurement signal S40D to the controller 200 
[0314] Further, the battery sensor 201 detects the residual amount of the battery 201 and sends out the detection 
result as. a battery residual amount detection signal S41 A to the controller 200. The heat sensor 203 detects the heat 
inside the robot body 191 and sends out the detection result as the heat detection signal S41B to the controller 200. 
[0315] The controller 200 judges the surrounding situation and the internal situation of the robot body 1 93 the order 
from the user, and the spurring from the user, on the basis of the image signal S40A, the audio signal S40B the 
pressure detection signal S40C, and the distance measurement signal S40D (hereinafter, these signals are simply 
referred to as an external sensor signal S40) which are supplied from the CDD camera 205, the microphone 206 the 
touch sensor 207, and the distance sensor 208 in the external sensor member 209, and the battery residual amount 
detection signal S41A and the heat detection signal S41B (hereinafter, these signals are simply referred to as an 
internal sensor signal S41 ) which are given from the battery sensor 202 and the temperature sensor 203 in the internal 
sensor member 204. 

[031 6] Then, the controller 200 determines next actions on the basis of the judgement result and control programs 
previously stored in a memory 200A and drives actuators 211 , to 21 1 „ required for the next actions to allow the robot 
body to take actions such as swinging of the head member unit 195 up, down, left and right, and walkinq by drivina 
the leg member units 21 1 1 to 211 n . 

[0317] Further, in this time, the controller 200 supplies a predetermined audio signal S42 to the speaker 210 as 
occasion demands to give sounds based on the audio signal S42 to outside. 

[0318] As described above, the robot body 1 91 autonomously act on the basis of surroundings, internal situations 
and order and spurring from a user. 

[0319] On the other hand, the cover unit 191 is composed of a face cover member 200A, a head cover member 
200B, a loins cover member 221 A, a flank cover member 221 B, a chest cover member 222, and four pair of outside 
leg cover members 225A to 225D, inside leg cover members 226A to 226D and sole cover member 227A to 227D 
[0320] In this case, the face cover member 220 and the head cover member 221 can be fitted to the front and back 
of the head member unit 1 95 of the robot body 1 91 . The loins cover member 222 and the flank cover member 223 can 
be fitted to the top and bottom of the body member unit 1 93 of the robot body 1 91 . The chest cover member 222 can 
be fitted to the chest part of the body member unit 1 93 of the robot body 1 91 , and the outside leg cover member 225A 
to 225D, the inside leg cover member 226A to 226D, and the sole cover member 227A to 227D can be fit to the outside 
inside, and bottom of the leg member unit 194A to 194D of the robot body 191 

[0321] Therefore, holes 220A, 220B, 221 A, ,• 221 Aj of predetermined sizes are disposed at predetermined positions 
of the face cover member 220 and the head cover member 221 to fit the CCD camera 205, the distance sensor 207 
the microphone 206 of the robot body 1 91 . Thereby, the face cover member 220 and the head cover member 221 does 
not obstruct the robot body 191 at the time of photographing surrounding situations, gathering sounds from outside 
and measunng a distance to a front object with the CDD camera 205, the microphone 206, and the distance sensor 
208 through the holes 220A, 220B, 221 A, , 221 A 2 . 

[0322] Note that, in this embodiment, the hole 220B of the face cover member 220 corresponding to the distance 
sensor 208 is covered with a translucent member (hereinafter, referred to as a canopy) 228, which prevents the user 
from emotion strange due to the exposure of the distance measuring section of the distance sensor 208. 
[0323] In addition to this configuration, a non-volatile memory 230 such as an EEPROM (Electric Erasable Program- 
mable ROM) is disposed in the head cover member 220 of the cover unit 1 92 in the robot system 1 90. And this memory 
230 stores information about a type of a cover for identifying the type of the cover unit 1 92, information about an object 
bone type which represent a type of the robot body 1 91 to which the cover unit 1 92 can be attached, port information 
which represent which device is connected to each external terminal in the.connector member 231 of the head cover 
member 220 which is described later, characteristic information which is predetermined correction information corre- 
spond.ng to characteristic which is previously set for each cover unit 192, canopy information which consists of cor- 
rection information for executing predetermined correction processing in accordance with optical characteristics of the 
canopy 228 of the cover unit 192, and various information (hereinafter, referred to as cover information) about the 
cover unit 192 such as cover physical information including various correction information which is used for correcting 
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parameters related to motions of the robot body 1 91 when the cover unit 192 is fitted. 

[0324] Further, in the robot system 190, the connector member (hereinafter, referred to as cover side connector 
member) 231 having a plurality of external connector terminals is disposed at predetermined position inside the head 
cover member 220, and disposed at predetermined corresponding position of the robot body 1 91 is a connector member 

5 (hereinafter, referred to as a robot side connector member) 232 having a plurality of external terminals. When the head 
cover member 220 is attached to the robot body 1 92 in a predetermined condition, the cover side connector member 
231 and the robot side connector member 23 are electrically connected so that the controller 200 in the robot body 
1 91 can read out the cover information from the memory 230 of the head cover member 221 via the cover side connector 
member 231 and the robot side connector member 232. 

10 [0325] When the power is turned on, the controller 220 in the robot body 191 firstly accesses to the memory 230 in 
the cover unit 1 92 via the robot side connector member 232. In the case where the controller 220 can, not read out the 
cover information (for example, in the case where a cover unit is not fitted), it does not do anything, and on the contrary, 
in the case where the cover information can be read out, the controller 220 checks the type of the attached cover unit 
192, whether or not the cover unit 192 corresponds to the type of the robot body 191 , and what type of device is 

is connected to each port of the cover side connector member 231 , on the basis of the read cover information, and also 
changes corresponding parameters on the basis of the canopy information and the cover physical information. 
[0326] Then, the controller 220 of the robot body 191 controls actions of the robot body 1 91 in accordance with the 
parameters changed as described above. In this way, in the robot system 190, the robot body 191 changes actions 
dependently on a type of the cover unit 192 attached to the robot body 191 . 

20 

(6-2) Processing by Controller 220 

[0327] Next, the concrete processing by the controller 220 in the robot body 191 in this robot system 190 will be 
described. 

25 [0328] The controller 220 executes aforementioned various processing in accordance with control programs stored 
in the memory 200A. Processing by the controller 220 is functionally classified into a condition recognizing section 
240, a emotion and instinct model section 241 which determines emotions and instinct on the basis of the recognition 
result by the condition recognizing section 240, an action determining section 242 which determines a next action on 
the basis of the recognition result by the condition recognizing section 240 and an output from the emotion and instinct 

30 model section 241 , and an action generating section 243 which makes the robot body 1 91 execute (manifest) the action 
based on the result determined by the action determining section 242. 

[0329] Hereinafter, the condition recognizing section 240, the emotion and instinct model section 241 , the action 
determining section 242 and the action generating section 243 will be described in detail. 

35 (6-2-1 ) Configuration of Condition Recognizing Section 240 

[0330] The condition recognizing section 240 recognizes specific conditions on the basis of an external sensor signal 
S40 from the external sensor member 209 (Fig. 41), an internal sensor signal S41 from the internal sensor member 
204 (Fig. 41), and informs the emotion and instinct model section 241 and the action determining section 242 of the 

40 recognition result as condition recognition information S50. 

[0331] Actually, the condition recognizing section 240 always checks image signals S40A which are supplied from 
the CCD camera 205 (Fig. 41 ) of the external sensor member 209, and when detecting, for example, "something round 
and red" or "an object" in an image based on the image signal S40A, recognizes that "there is a ball" or "there is an 
obstacle", and informs the emotion and instinct model section 241 and the action determining section 242 of the rec- 

45 ognition result. 

[0332] Further, at this time, the condition recognizing section 240 obtains a distance to the object on the basis of a 
distance detection signal S40D which is given from the distance sensor 208 of the external sensor member 209, and 
informs the emotion and instinct model section 241 and the action determining section 242 of the detection result. 
[0333] In addition, the condition recognizing section 240 always checks audio signals S40B which are given from 
so the microphone 206 (Fig. 41), and when recognizing the input of order such as "walk", "lie down", and "chase a bail" 
on the basis of the audio signal S40B, informs the emotion and instinct model section 241 and the action determining 
section 242 of the recognition result. 

[0334] Further, the condition recognizing section 240 always checks pressure detection signals S40C which are 
given from the touch sensor 207 (Fig. 41) and when detecting on the basis of the pressure detection signal S40C 
55 pressure which has exceeded a predetermined threshold value and is applied for a short time (for example, less than 
two seconds), recognizes that "being struck (scolded)" and on the other hand, when detecting pressure of a large area 
which does not exceed the predetermined threshold value and is applied for a long time (for example, longer than two 
seconds), recognizes that "being patted (praised)" and informs the emotion and instinct model section 241 and the 
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action determining section 242 of the recognition result. 

[0335] Furthermore, the condition recognizing section 240 always checks heat detection signals S41 B which are 
given from the heat sensor 203 (Fig. 41 ) of the internal sensor 204, and when detecting heat which exceeds a prede- 
termined temperature on the basis of the heat detection signal S41 B, recognizes that "internal temperature has raised" 
and mform the emotion and instinct model section 241 and the action determining section 242 of the recognition result. 

(6-2-2) Configuration of Emotion and Instinct Model Section 241 

[0336] The emotion and instinct model section 241 has parameters which represent intensities of 6 kinds of emotions- 
joy sadness", ■surprised", "horror", "hatred" and "anger". The emotion and instinct model section 241 successive* 
updates the parameter for each emotion on the basis of the specific recognition result such as "being struck" and "being 
patted which ,s given rom the condition recognizing section 240 as the condition recognition information S50, the 

STntSTS? 11 !? T^" f 1 representin 9 ^termined output actions which are given from the action deter- 
mining section 242 which will be described later, passage time and so on 

Hk. 00 ??' ^ f nfl - the am ° Unt ° f Chan9e in thS em0ti0n Which is calculated bv a Predetermined equation 
on 3 de 9 re t (preV , IOUSly S6,) °' the 0UtpUt action based on the recognition result which is obtained based 

on the condition recognition information S50, and the action determination information S51 with respect to the emotion 
a degree of pressure and stimulation which are given from other emotions, and passage time, as AE[t], the parameter 
or the current emotion as E[t], and the coefficient which represents a rate of changing the emotion on the basis of the 
recognition resuit and so on., as k., the emotion and instinct model section 241 calculates the parameter ETt+11 for the 
emotions of a next cycle from the following equation . J 

E [t+1] = E[t] + k e x AE[t] (6) 

S , Th f e ";. the ern ° ti0n inStinCt m ° del Secti0n 241 updates the Parameter of the emotion by replacing the 
SSS^JST! 8m0 H t n H E / t] Wit V h6 CalCU ' ated reSUlt ' N ° te that ' 1 iS preVi0us * fixed that parletera for 
?r Pdated f °; h eaCh reC ° 9niti0n reSUtt and 6aCh ° UtpUt action ' When the reco 9 niti ° n r esult of 
1Z y ■ ■ 1 • amP ' e ' the parame ter for the emotion "anger" is increased and the parameter for the 

IT2 -° y -' S 6CreaS ! d - ln additi0n ' Wh6n the reC ° 9niti0n resurt of " bei "9 P a «ed" is made, the parameter fo the 
ZT, 1 Y 13 mCreaSed and the P arame ters of emotions "sadness" and "anger" are decreased 
ntPni Sl 7' ari ^his configuration, the emotion and instinct model section 41 has parameters which represent 
intensities of five kinds of desires: ■ desire for movement", "attachment", "curiosity", "appetite" and "sleep" And the 

the conTnn ' nSt,nCtm0del Secti0n 41 ^ these parameters on L bal of recogn on resZl 

thecondrtion recognizing section 240, passage time, and the notify from the action determining section 242. 
[0340] Concretely, as to "desire for movement', "attachment" and "curiosity", by taking the amount of chanoe in 

einTens^ 

the intensity of the desire as k,, the emotion and instinct model section 241 calculates the parameter l[k+1] for the 
desire of a next cycle by the following equation. . J 

l[k+1] = |[k] + k, x Al[k] (7) 

TOOL irU e ?;K he , em0ti ° n ! n u d in$tinCt m ° del S6Cti0n 241 updates the Parameter for the desire by replacing the pa- 
chTnt d Sr th? 9 T? T tha Ca J CUlated rM *" «~. it is fixed that parameters of which desires hive to be 
changed or the output action and the recognition resutt. For example, when the action deciding section 242 makes a 
notice of did something", the parameter for the desire "desire for movement" is decreased 

™J H Bd iT' f t0 the dSSire " ap P etit e". by taking the residual amount of battery as B L , the emotion and instinct 

det2 1 on* TZtiZ^!? Paramet6r ' tk+1 ] f ° r thS d6Sire " appetfte " on the bas * *< «he battery residual amtum 
detection signal S42A (F,g. 41), which is given via the condrtion recognizing section 240, by a following equation 

l[k]=100-B L (8) 

Then, the emotion and instinct model section 241 updates the parameter for the desire "appetite" bv reolacina the 
parameter l[k] for the current appetite with the calculated result. V replacing the 
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[0343] Furthermore, as to the desire "sleep", the emotion and instinct model section 241 increases or decreases the 
parameter every fixed time with one day as one cycle. 

[0344] Note that, the parameter for each emotion and each desire range from 0 to 1 00 and the coefficient k, are 
also individually set for each emotion and each desire. 

5 

(6-2-3) Configuration of Action Determining Section 242 

[0345] The action determining section 242 decides a next action on the basis of the condition recognition information 
50 which is given from the condition recognizing section 240, the parameters for emotions and desires in the emotion 
10 and instinct model section 241 , the action model previously stored in the memory 200A, passage time and so on., and 
outputs the decided result as action determination information S51 to the emotion and instinct model section 241 and 
the action generating section 243. 

[0346] In this case, the action determining section 242, as a means of determining a next action, uses an algorithm 
referred to as a probability automaton which probably decides, on the basis of transition probability P 0 " to P n " respec- 
ts tively set for arc ARC 0 " to ARC n " which connect between nodes (conditions) NODE 0 " to NODE n ", which node NODE 0 " 
to NODE n ", the same or another, one node NODE 0 " to NODE n " is shifted to, as shown in Fig. 44. 
[0347] More concretely, the memory 200A stores, as action models, a state transition table 244 shown in Fig, 45 for 
each node NODE 0 " to NODE n " so that the action determining section 242 determines a next action on the basis of the 
state transition table 244. 

20 [0348] Here, in the state transition table 244, input events (the recognition result from the condition recognizing 
section 240) which are used as transition conditions in the nodes NODE 0 " to NODE n " are written on the "input event" 
line in the order of priority, and more specific conditions are written on corresponding rows of "data name" and "data 
limit" lines. 

[0349] As described above, the node NODE 100 defined by the state transition table 244 in Fig. 45 has condition for 
25 transition to the same or another node NODE 0 " to NODE n ". For example, when the recognition result of "detected a 

ball" is given, the condition is that "size" of the ball given together with the recognition result has to be between 0 and 

100 (0,1000)", or for another example, when the recognition result of "detected an obstacle" is given, the condition is 

that "distance" to the obstacle given together with the recognition result has to be between 0 and 1000 (0,1 000). 

[0350] Further, even when the recognition result is not input in the node 100 , the node can be shifted to the same or 
30 another node NODE 0 " to NODE n " when the parameter for any emotion "joy", "surprised", or "sadness" out of emotions 

and desires in the emotion and instinct model section 241 , which are referred periodically by the action determining 

section 242, is between 50 and 100 (50, 100). 

[0351] In addition, in^he state transition table 244, some nodes NODE 0 " to NODE n " to which the node NODE 0 " to 
NODE n " can be shifted are written on a "transition destination node" line in a space for "transition probability to another 
35 node", and the transition probabilities to the nodes NODE 0 " to NODE n " in the case where the conditions written in the 
"input event", "data name" and "data limit" lines are all satisfied is written on the node NODE 0 " to NODE n " lines in the 
space for "transition probability to another node", an action and motion which are output at this time are written on an 
"output action" row. Note that, the sum of the transition probability on each line in the space for "transition probability" 
is100[%]. 

40 [0352] Therefore, the node NODE 100 " in this example can be shifted to "node NODE 120 " (nodel 20)" at "probability 
of 30[%]" in the case where the following recognition results are given: "detected a ball" and the "size" of the ball is 
"between 0 and 1000 (0,1000)", and at this time, the action and motion of "ACTION 1" are output. 
[0353] The action model is formed so that each node NODE 0 " to NODE n " written in the state transition table 244 has 
many nodes to be shifted to. 

45 [0354] Thus, when the condition recognition information S50 is given from the condition recognizing section 240 or 
when the current actions have been performed for a fixed period of time, the action determining section 242 probably 
decides a next action and motion (action or motion written on the "output action" row) by using the state transition table 
244 of the corresponding node NODE 0 " to NODE n " out of the action models stored in the memory 200A, and outputs 
the determination result as action determination information S51 to the emotion and instinct model section 242 and 

so the action generating section 243. 

(6-2-4) Configuration of Action Generating Section 243 

[0355] The action generating section 243 has a data file (hereinafter, referred to as motion file) for each action which 
55 js used to determine how much each actuator 211., to 211 n is moved at the time of making the robot body 191 manifest 
various actions, and a data file for plural sounds (hereinafter, referred to sound file), in the memory 200A. 
[0356] The action generating section 243 reads out the corresponding motion file as occasion demands, from the 
memory 200A on the basis of the action determination information S51 which is given from the action determining 
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section 242, sends the driving signal S52, to S52 2 to the actuators 211 , to 211 n on the basis of the motion file and 

££? TzZTl*™* fi '!i *" ° UtPUtt,ng ,he ° btained audi0 Si 9" al S42 to the speaker 210 (R 41 ) 
SS k - ^ reqU ' red aCtUat0re 2111 10 211 « based on the drivi "9 signal S52, to S52 are driven and 
sounds based on the audio signal S42 are output from the speaker 210, thereby the robo bod7l91 man7e S ?s tJe 
actions and mohons determined by the action determining section 242 as described above 

™ nHinn ^ r ° b<3t SyStem 190 ' ^ robot bodv 191 can autonomously act on the basis of 

surrounding and internal conditions, orders and spurring from a user, under the control of the controlier 200 

(6-3) Initial Setting Processing in Robot Body 1 90 

ELd NeXt ' initia ' Settin9 Pr0CeSSin9 ^ COntr0 " er 200 °' the r ° b0t b0dV 191 in *• robot will be 

S^Tstlv'ladou,^ 8 " 8 '? 19 °;. afte K rthe P0W6r iS tUmed ° n 38 d6SCribed ab0Ve < «hecontroller200 of the robot body 

, cna "g'ng necessary parameters on the basis of the cover information 

E> iT^f C3Se °J ,he , r °S 0t SySt6m 1 9 °' thS mem0ry 230 of the face cover member 221 of the cover 

whicMs usJd tor S^S? C °. rTeSp0 " d,n 9 state transition tab ' a 244 (Fig. 45) out of the state transition table 244 
the action ridels 9 " ' ^ M *° n tab ' e 244 for the nodes NODE o" t0 NODE n ° of 

[0362] The controller 200 of the robot body 1 91 changes corresponding transition probabilities P n « to P » in a corm 
Sm^^ 

NODE nSS • . ~I Umt 92 ' and replaCes the state transiti °" ta °'e 244 for a corresponding node 
iNUUto to NODE n with a new state transition table 244. 

[0363] In addition, the memory 230 of the cover unit stores an offset value to perform the offset correction on an 
outputvoltageofthedistancesensor208(Fig.41)ascanopy information " 

canool aS^Ra '2T ° f meaSUrin9 3 diSt3nCe 10 an ° bjeCt Which is in from of »• <^ance sensor 208, via the 
2, 228 < F,g 40) ' a measurement error occurs due to an angle of incline of the canopy 228 with respect to the 

IfE "EES? r M d ; h ? h di f 9nC F e S T SOr 208 38 Sh ° Wn " Rg - 46 and * 47 • and of 
LbS; t h 9 ' : ' ln F ' 9 - 46 and Rg - 48 ' tne numbers on ,he most-left »ne represent distances to an 

object to be measured, the numbers on the other lines represent output voltages of the distance ISlfS 
angle of incline of the canopy 228 by taking the vertical condition to L optical axta of the distance ^sensor 208 a S n 

the abscissa represents distances to an object to be measured 

EL J* 1 V"™' in r ° b0t SyStem 1 9 °' thS m6m0ry 230 of the cover u "it 1 92 stores offset values to perform the 

K mllf COntr °"f ' 20 ° 0f th6 fOb0t b0dV 1 91 Changes ' on ,he basis of th e canopy characteristic information in- 

Sno T ' r at '° n WhiCh iS read ° Ut from the memorv 200A of the cover unit 1 92, the offVe vaSor the 

to Z "Z7£7 m T K 9nal S40 ° ° f thS time When ,he COndition rec °9 nizi ng section 240 recogn zes the distance 
to the front objet on the basis of the distance measurement signal S40D ecogn.zes tne Distance 

2„ Fu h rther ' tha memor y 230 of the cover unit 192 stores barycenter location information which represent the 

7cZl^T ? 6n,ire r ° b0t ^ 190 With the °° V6r unit 192 «" ed ever the robot bod^ 192 mot on 

Si Ten TST Tl M " ° f " eh ™ Vable Unit at the time of the cover ZTZx 

H, ' C ! ntr0 " er 200 ° f ,he robot bodv 192 changes parameters for walking-control described in Fie 31 
and other corresponding parameters, which are stored in the memory 200A on the basi Tof the ba^cente iSi.™ 

toe r ruTi9 0 2 ,he ^ **** h ^ ^ 

ELth A o S , deS0nb f d ab0VS ' in the r ° b0t SySt6m 190 ' the Parameters in the robot body 191 can be changed on the 
ar«l ri T f a St0red in the memory 230 of the cover unit 1 92, thereby the robot body 1 91 can manifest 
acttonsdependently on the cover unit 192 attached to the robot body 191. 

(6-4) Operations and Effects in the Embodiment 

!S ' 1 t ? b0t SyStem 1 90 haV,ng the aforementioned configuration, the controller 200 reads out the cover in- ' 
formabon from the memory 230 of the cover unit 1 92 at the time of turning the power of the ZTtol 1 91 on and 
changes required parameters on the basis of the cover information. ^ ' 
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[0371] Therefore, the robot body 191 can manifest actions based on the cover unit 192 by storing the information 
corresponding to the shape, color and forms of the cover unit 192 as the cover information. 
[0372] According to the aforementioned configuration, the memory 230 storing cover information corresponding to 
the forms of the cover unit 1 92 is disposed in the cover unit 1 92, the controller 200 of the robot body 1 91 reads out the 
cover information at the time of turning the power on, and changes parameters to control actions an motions of the 
robot body 191 on the basis of the cover information, thereby the robot body 191 can manifest actions and motions 
according to the type of the cover unit 1 92, which can remarkably improve the amusement property in the robot system. 

Industrial Applicability 

[0373] The robot system, the robot apparatus and the cover for the robot apparatus can be applied to a robot system 
composed of a pet robot and a cover for a robot apparatus. 

Claims 

1 . A robot system, comprising: 

a robot apparatus; and 

a cover to be detachably fitted over said robot apparatus, and wherein: 
a predetermined authenticating pattern is disposed on said cover; and 

authenticating means is disposed on said robot apparatus for authenticating said cover on the basis of 
said authenticating pattern on said cover fitted. 

2. The robot system according to Claim 1 , wherein: 

said authenticating pattern is a first concavo-convex pattern, having a predetermined form; and 
said authenticating means is a second concavo-convex pattern having a predetermined form which fits said 
first concavo-convex pattern in a predetermined condition only when said first concavo-convex pattern is a 
regular pattern. 

3. The robot system according to Claim 2, wherein 

said first concavo-convex pattern has a concavo-convex form of a registered design. 

4. The robot system according to Claim 1 , wherein: 

said authenticating pattern is a concavo-convex pattern having a predetermined form; and 

said authenticating means electrically detects a concavo-convex form of said concavo-convex pattern on said 

cover and authenticates said cover on the basis of the detection result. 

5. A robot apparatus comprising 

authenticating means for authenticating a fitted cover on the basis of a predetermined authenticating pattern 
disposed on said cover which is detachably fitted. 

6. The robot apparatus according to Claim 5, wherein: 

said authenticating pattern is a first concavo-convex pattern having a predetermined form; and 
said authenticating means is a second concavo-convex pattern having a predetermined form which fits said 
first concavo-convex pattern in a predetermined condition only when said first concavo-convex pattern is a 
regular pattern. 

7. The robot apparatus according to Claim 6, wherein 

said first concavo-convex pattern has a concavo-convex form of a registered design. 

8. The robot apparatus according to Claim 5, wherein: 

said authenticating pattern is a concavo-convex pattern having a predetermined form; and 
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said authenticating means electrically detects a concavo-convex form of said concavo-convex pattern on said 
cover and authenticates said cover on the basis of the detection result. 

9. A cover for a robot apparatus, comprising 

a predetermined authenticating pattern, and wherein 

said cover is detachably fitted over a robot apparatus with authenticating means for authentication on the basis 
of said authenticating pattern. 

10. The cover for a robot apparatus according to Claim 9, wherein 

said authenticating pattern is a concavo-convex pattern having a predetermined form. 

11. The cover for a robot apparatus according to Claim 10, wherein 

said concavo-convex pattern has a concavo-convex form of a registered design. 

12. A robot system, comprising: 

a robot apparatus which manifests predetermined motions; 
a cover which is detachably fitted over said robot apparatus; 

ITdTver h ° ,din9 meanS WhiCh ^ diSP ° Sed Said C ° Ver f ° r h0ldln9 inherent lnformatjon corresponding to 
information detecting means disposed in said robot apparatus for detecting said inherent information held by 
said information holding means of the cover when said cover is fitted over said robot apparatus- and 
control means for changing manifesting patterns of said motions as occasion demands on the basis of said 
inherent information detected. 

13. The robot system according to Claim 1 2, wherein: 

said information holding means is a memory for recording said inherent information as data- and 
said robot apparatus has data reading means for reading said data from said memory. 

14. A cover detachably fitted over a robot apparatus manifesting predetermined motions, comprising 

information holding means for holding inherent information corresponding to said cover and wherein 

said robot apparatus changes manifesting patterns of said motions as occasion demands on the basis of said 

inherent information held by said information holding means when the cover is fitted over said robot apparatus. 

15. The cover according to Claim 14, wherein: 

said information holding means is a memory which stores said inherent information as data- and 
said robot apparatus reads out said data from said memory. 

16. A robot apparatus manifesting predetermined motions, comprising: 

information detecting means for detecting inherent information corresponding to a cover from said cover when 
said cover is detachably fitted; and 

control means for changing manifesting patterns of said motions as occasion demands on the basis of said 
inherent information detected. 

17. The robot apparatus according to Claim 16, comprising 

a memory for storing said inherent information as data, and wherein 

said robot apparatus has data reading means for reading out said data from said memory. 

18. A robot system, comprising: 

me°mblrs PParatUS ^ m ° Vable membere ^ manifests P red *errnined motions by driving said movable 
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a cover which is to be detachabty fitted over said robot apparatus; and 

control means which is disposed in said robot apparatus for drivingly controlling said movable members, and 
wherein 

said control means detects an amount of influence on said motions due to said cover by driving said 
5 movable members and changes manifesting patterns of said motions as occasion demands on the basis of 

detection results when said cover is fitted over said robot apparatus. 

19. The robot system according to Claim 18, wherein 

said control means determines the amount of influences on the motions of said movable members due to 
10 said cover, as a control error to motions before said cover is fitted, and then corrects said control error. 

20. A robot apparatus comprising movable members and manifesting predetermined motions by driving said movable 
members, comprising 

control means for detecting an amount of influence on said motions due to a cover by driving said movable 
is members and changes manifesting patterns of said motions as occasion demands on the basis of the detection 

result when said cover is detachably fitted. 

21 . The robot apparatus according to Claim 20 wherein 

said control means calculates the amount of influence on the motions of said movable members due to said 
20 cover, as a control error to motions before said cover is fitted, and then corrects said control error. 
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Explanation of Reference Numerals 
1, 50, 120, 140, 180, 190.. .robot system, 2, 51, 121, 141, 
181... Pet robot, 3, 52, 142, 192... cover unit, 3B... screw hole, 
4... screw, 10A. .. tapped hole, 20 ... controller, 31... robot side 
concavo-convex pattern, 31A, 32A... convex portion, 31B, 
32B. ..concave portion, 32... cover side concavo-convex pattern, 41 
43, 45. . .concavo-convex pattern, 44. ..touch sensor, 57, 59, 147, 
148, 231, 232 .. .connector part, 58 ... .main body side interface 
member, 60... cover side interface member, 70, 122, 160, 182, 
200. . .controller, 70A, 122A, 160A, 182A, 200A, 230 .. .memory, 75, 
162. . .information reading member, 81, 173 .. .information holding 
member, 90, 130. . .sensor input processing section, 91, 131, 
241. . .emotion and instinct model section, 92, 132... action 
determining mechanism section 
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